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ABSTRACT 

For the past three years the Department of Food Science at the 
University of Alberta and the Horticultural Research Centre at Brooks, 
Alberta, have been studying the feasibility of growing spices and herbs 
in Alberta on a commercial scale. This study reports the composition 
and quality of the essential oils for the crop years 1970 through 1972 
from the seeds of anise (Pimpinella anisum L.), caraway (Carum carvi L.), 
dill (Anethum graveolens L.), fennel (Feoniculum vulgare Mill.), herbs 
of peppermint (Mentha piperita L.) and sage (Salvia officinalis L.). 
The oils were obtained by steam distillation of dried herbs and seeds. 

The analyses of the essential oils were carried out by means of 
thin-layer and gas-liquid chromatography and infrared and mass spectro- 
Scopy. Thin-layer chromatograms of anise oil revealed 13 spots. The 
two major spots corresponded to hydrocarbons and to benzene related con- 
stituents. There were seven spots on thin-layer chromatograms of cara- 
way oil. The spots corresponding to hydrocarbons and carvone were the 
two major ones. Thin-layer chromatograms of dill 071] showed eight spots, 
of which the spots for hydrocarbons, carvone and an alcohol with lina- 
lool and 1,8-cineol were the three major ones. There were ten spots on 
chromatograms of fennel oil. The major spots were those of benzene 
related constituents and hydrocarbons. Thin-layer chromatograms of 
peppermint oil revealed eleven spots, of which spots for hydrocarbons, 
menthyl acetate, menthone and menthol were the major ones. Sage oil 
showed nine spots on thin-layer chromatograms. The spots for borneol, 
linalool, 1,8-cineol, camphor, thujone, bornyl acetate and hydrocarbons 
were the major ones. 
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The gas-liquid chromatograms of the essential oils studied 
revealed major, intermediate, minor and trace constituents. Anise oi] 
contained fifty-four constituents with 57.42 to 75.21% of trans- 
anethole as the major one. Oil of caraway had a total of forty-seven 
constituents, of which carvone (38.79%) and limonene (48.77%) were the 
major ones. Dill oil contained a total of thirty-eight constituents, 
of which carvone (43.26 to 48.46%) and limonene (33.11 to 40.82%) were 
the major ones. Fennel oil had a total of fifty constituents, of which 
trans-anethole (39.19 to 68.90%), limonene (8.29 to 19.78%) and fenchone 
(10.83 to 16.12%) were the major ones. Peppermint oil contained a total 
of fifty-five constituents, of which menthol (32.33 to 44.18%) and 
menthone (32.62 to 21.24%) were the major ones. Sage oil had a total 
of sixty constituents, of which thujone (23.70 to 29.06%), humulene 
(13.12 to 16.44%), camphor (8.34 to 10.31%) and g-caryophyllene (7.67 
to 9.34%) were the major ones. 

The quality of anise seed oil from Brooks was better than the 
oil from the whole herb and was better than commercial 0i1 obtained 
from Michigan. Although the quality of caraway oi] from Brooks was 
Slightly lower than the commercial oil from Michigan, an improvement 
could be achieved by distilling the oil from more matured seed. The 
quality of dill seed oil from Brooks, was comparable to the oils from 
the U.S.A. and Europe. The bitter fennel seed oi] from Brooks, 1972 
crop, due to the high content of trans-anethole was of better quality 
than that of the 1971 crop which was distilled from the whokherb. In 
addition the quality of the oi] was comparable to that of oils from the 
U.S.A. and Europe. The quality of peppermint oi] from Brooks, depending 
on the stage of growth, is comparable to that of commercial oil from 
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Michigan. The quality of sage oil from the Brooks, 1971 crop was 
better than that of the 1972 crop and commercial 011 from Michigan. 
The yield of oil from spices and herbs grown under climatic 
conditions of Alberta appeared to be dependent on the crop year, total 
hours of sunshine and the length of the frost-free period. However, 
the quality of the oils was still comparable to the oils commercially 


available on the world market. 
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INTRODUCTION 

The food industry is constantly seeking new methods of improving 
or redesigning its products for both gustatory and financial reasons. 
This has created a lucrative market for spices, oleoresins and essential 
oils for domestic use by producers of soft drinks, baked goods, desserts, 
confections, meat and fish products, and alcoholic beverages. Currently, 
all of these flavoring products are imported. 

For the past five years a team at the University of Saskatchewan 
has been studying the feasibility of growing the peppermint plant as a 
cash crop for farmers. A few years ago the Canadian Department of 
Agriculture Research Branch at Morden, Manitoba, and the Provincial 
Horticultural Research Centre at Brooks, Alberta, began an investigation 
to determine whether peppermint and other herbs and spices can be grown 
successfully under our climatic and soil conditions. 

This complex investigation involves the quality, horticultural, 
agrological, economic and marketing aspects. This study reports the 
chemically assessed quality of essential oils from some herbs and spices 
grown in Alberta and their comparison with similar oils supplied by the 


world market. 
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IT, REVIEW OF LITERATURE 


A. Anise Seed 011 (Pimpinella anisum L.) 


Anise seed and oil are characterized by a very strong, licorice- 
like flavor and odor. Anise oil, rather than the licorice root itself, 
is generally used to provide licorice flavoring. Its taste is sweet 
and aromatic. Anise oi] is widely used as a flavoring material in 
liquorice, toothpaste, baked goods, carbonated drinks, confections and 
alcoholic beverages. It is the basis of the French cordial "anisette", 
the popular Turkish alcoholic beverage "raki" and Bulgarian and Greek 
nmastaka Anise-flavored aguardiente (distilled from sugar cane) is 
One of the most universally popular alcoholic drinks throughout Latin 
America. Other products which have anise oil or anethole as a flavoring 
ingredient are canned foods, pickles and spice blends. The flexible 
concentration level of anise oil makes it an ideal flavor base. The FDA 
"white list" permits the use of anise oi] in a concentration up to 3500 
ppm. Anise oi] is utilized in medicine for its carminative and expec- 
torant properties and as a masking agent for flavoring bitter-tasting 
drugs. It has been reported that in flavoring 100 1b of the best grade 
of dry anise seed is equivalent to 3 1b of oi] ("the spice equivalent"). 

There are two botanically different plants whose fruits yield 
essential oils of similar color, flavor and, hence, chemical composition. 
Star anise oil is obtained from I1licium verum Hooker (family Magno] iaceae) 
and the other oil, which is true anise oil and has finer and delicate 
flavor, is distilled from anise fruit, Pimpinella anisum L. (family 


Umbelliferae). This true anise is an annual plant indigenous to Levant 
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I 
but it is widely grown in Europe, North Africa, North America, China and 
Chile (Guenther, 1950; Anonymous, 1970a). 

When the seed is near maturity, alternate rainy and dry periods 
cause the seed to turn brown, thus greatly impairing the quality 
(Guenther, 1950). Some agrological requirements for growing this plant 
are given in Appendix A-1. 

According to Gildemeister and Hoffman (1931) the oil yield of 
anise seed of various origin ranged from 1.5 to 6.0%. Fisher et al. 
(1945) reported that the oil yield of commercial anise seed from various 
origins varied from 1.9 to 3.1% with an average of 2.29%. It has been 
claimed (Anonymous, 1970a) that anise seed yielded from 1.5 to 3.5% 
volatile oil. It was observed by Chernukhin (1929) that 5% more oil 
could be distilled from ground seed than from whole seed. 

The volatile oil contains primarily anethole (80-90%) along 
with methyl chavicol (an isomer of anethole) and p-methoxyphenylacetone 
(anise ketone) (Guenther, 1950). Using gas-liquid chromatography, 
El-Deed et al. (1962a) found that the chromatogram of anise oil had four 
peaks, two of which were identified as anethole (88.61%) and anisaldehyde 
(3.01%). In the study of the quality of some umbelliferous essential 
011 plants Tsvetkov (1970) found that the yields of oil distilled from 
central, first order and second order umbels were 0.34, 0.35 and 0.25%, 
respectively, and their respective percentage compositions were estra- 
gole 8.64, 7.51 and 7.71; anise ketone 0.88, 0.41 and 0.85; and anethole 
87.30, 89.50 and 88.40. From this study he concluded that a high yield 
of fine quality oi] could be obtained when the seeds in the central 


umbels were fully ripe. 
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In characterization of essential oils by thin-layer chromato- 
graph (TLC) using 10 to 15% ethyl acetate in hexane as a solvent system 
Reitsema (1954) found that anise oi] produced five spots with Rf values 
of 0.02, 0.18, 0.28, 0.62 and 0.94. Zacsko-Szasz and Szasz (1965) 
analyzed anise oil by using a mixture of benzene:chloroform (1:1) as a 
solvent and reported the Rf values as follow: anisic acid 0.0 - 0.06, 
methyl chavicol 0.28, anise ketone 0.33, anisaldehyde 0.44 and trans- 
anethole 0.83. 

The quality of anise oil depends mainly on the amount of trans- 
anethole, the higher the amount of trans-anethole, the more delicate 


and sweet the odor and flavor of the oil (Guenther, 1950). 


B. Caraway Seed Oi] (Carum carvi L.) 


There are two grades of caraway oi] on the market: crude or 
natural oil which is the direct distillate, and double rectified or 
redistilled caraway oil. The crude caraway oil has an initial note of 
a nauseating almost amine-like type odor which may be due to either the 
decomposition of proteins in the seed germ or the presence of some 
glycosides or alkaloids. This odor is not present in redistilled cara- 
way O11. The main use of caraway oi] is in flavoring of food products 
such as meat, sausages, tinned goods, bread, cheese, pickles, sauces and 
seasonings. In addition, it is responsible for the flavor of the German 
liqueur kummel. Caraway seed oi] is also used in mouthwash, gargle 
preparations, toothpaste flavors and chewing gums. It is often used in 
pharmaceutical preparations to overcome a bad odor and taste and as an 
aromatic carminative medicine. It has been reported that for flavoring, 


100 1b of the best grade of dry caraway seed can be replaced by 5 1b 
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of oil, ("Spice equivalent"), 

Caraway fruits are the fruit of Carum carvi L., a biennial plant 
native to western Asia and a large portion of northern and central 
Europe. It is also grown in the western United States and North Africa. 
Agrological data for growing the plant are presented in Appendix A-2. 
Besides the volatile oil which is the main constituent, caraway fruit 
contains fixed oil (triglycerides), cellulose, pentosans, calcium 
oxalate, mineral elements and protein (about 20%). The volatile oil, 
which gives the characteristic aroma and taste of caraway, is a color- 
less liquid which becomes yellowish on aging (Anonymous, 1970b; Guenther, 
1950). Guenther (1950) recorded that the essential oil of Dutch caraway 
seed varied from 3 to 6% with an average of 4%, and the North African 
and Near East caraway seed oil from 0.4 to 1.0%. Sunny, dry weather 
during seed maturation reduced the 011 content, but the oil was high 
in carvone and low in terpene hydrocarbons. The cool, damp weather in- 
creased the yield of oi] but reduced the amount of carvone and other 
oxygenated terpenes. This difference might be due either to photochemi- 
cal forces which transformed terpene hydrocarbons into oxygenated com- 
pounds or to the possibility that during sunny, hot weather, the more 
volatile constituents, particularly the terpene hydrocarbons, evaporate 
resulting in an increase of oxygenated compounds. 

Gildemeister and Hoffman (1931) reported that caraway seed oi] 
contained 50.0 to 60.0% carvone. Fritzche Brothers Inc. Laboratories 
(1950) recorded that genuine caraway seed oils from Holland and Russia 
contained 51.0 to 59.0% carvone, and oil from Ohio, 59.7%. Sandermann 
(1938) found 7.0% carvone and about 75.0% limonene in caraway oil of 


flowering plants. The oil also contained azulene and cadinene, which 
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6. 
was not present in caraway seed oil but in the oil] from the leaves and 


stalks. Schimmel & Co. (1896) proved by large scale distillation tests 
that the carvone content of caraway seed 01] depends upon the state of 
plant maturity, being highest in oils distilled from fully-matured seed. 
In the study of the carvone content of the developing fruits of Anethum 
graveolens L. and Carum carvi L., Betts (1965) found that caraway fruits 
contained little or no carvone one week after pollination; by three weeks 
10 mg or more of carvone/100 fruits; and subsequent weeks between 12-20 
mg carvone/100 fruits in 1962 and 11-14 mg carvone/100 fruits in 1964. 
The maximum yield of carvone could be obtained from the essential oil 

of 4-week old fruit which also contained a higher proportion of limonene 
than that of older fruits. This essential oil was sweeter, but less 
intensely flavored. He concluded that low carvone content in caraway 
oil did not reflect carvone deficiency in the fruit. The chaff result- 
int as a by-product in threshing and winnowing of the seed gives an oil 
with a harsh, inferior odor and flavor (Guenther, 1950). 

Caraway oil contains 53 to 63% (w/w) of D=carvone, together with 
D-limonene and small amounts of dihydrocarvone, carveol, dihydrocarveol, 
acetaldehyde, furfural, diacetyl, D-dihydrocarveol, (~dihydrocarveol, 
L-neodihydrocarveol, L-isodihydrocarveol, L-isodihydrocarveol, D-perillyl 
alcohol and D-dihydropinel (Guenther, 1950). £1-Deed et al. (1962a) used 
gas-liquid chromatography to analyze some essential oils. The chromato- 
gram of caraway oi] showed two peaks, limonene (45.58%) and carvone 
(56.898%). El-Deed et al. (1962b) used TLC and column chromatography 
to find that caraway oi] contained carvone, limonene, a-phellandrene, 


a-terpinene and citral. By using TLC with 15% ethyl acetate in n-hexane 


*d(+) or 1(-) (or D,L) designations represent the optical rotations and 
do not essentially relate to the absolute configuration relative to 
D(+) glyceraldehyde 
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as a solvent they obtained two spots for caraway oi] corresponding to 
carvone and limonene. In determining the monoterpene hydrocarbon com- 
position of 29 non-citrus essential oils Ikeda et al. (1962) found that 
the total monoterpene hydrocarbon content of caraway oil was 38.0% of 
which d-limonene constituted near 100%, with traces of a-pinene, 
a-thujone, B-pinene, sabinene, A3-carene and a-phellandrene. By using 
gas-liquid chromatography to study Indian caraway, Atal and Sood (1966) 
found that the oil contained carvone, limonene, 8-pinene and p-cymene. 

Yin et al. (1970) studied the effect of acid and temperature 
treatments of caraway oil on the changes of its individual constituents. 
The components identified were a-pinene, 8-pinene, myrcene, ]imonene, 
terpinolene, p-cymene, trans-dihydrocarvone, cis-dihydrocarvone, 
1-p-menthen-4-01, cis-8-p-menthen-1l-01, 8-p-menthen-2-01 (neo), 
8-p-menthen-2-01 (iso), carvone, 8-p-menthen-2-ol1 (neo-iso), trans- 
carveol and cis-carveol. Two principal constituents, carvone and 
limonene, underwent minor changes when subjected to harsh conditions of 
pH and temperature, and the trace components changed when the oil was 
Subjected to high temperature or to buffer-solutions of varying pH. 

A good caraway oil contains 50 to 60% d-carvme, it being the most 
important constituent and the principal carrier of the characteristic 


odor (Anonymous, 1970b; Guenther, 1950). 


C. Dill Seed Oil (Anethum graveolens oe) 


Dill seed, either whole or ground, is used frequently as a con- 
diment. It is utilized as a flavoring in pickling cucumbers and in 


Scandinavia for flavoring in bread, potatoes and vegetables. In France 
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the seeds are used extensively to flavor pastries and sauces, while in 
India it is used as a carminative and as an ingredient of curry. Chopped 
dill leaves, fresh or dried, are used on soups, salads, and such seafood 
as lobster or crayfish. The oil of dill herb is used for flavoring and 
seasoning purposes in the food industry and jin the last ten years has 
largely replaced the whole herb. When compared with the best grade of 
dry spice herb, it is found that 1/2 1b of oi] can replace 100 1b of 
herb. 

Anethum graveolens L. grows wild in most parts of Europe, the 
Middle East, the Mediterranean coast of Africa, India and the Far East. 
The types of volatile oils obtained from Anethum graveolens L. are: 

(1) ai of dill herb or weed which is distilled from the herb along with 
the immature fruits; (2) oil of dill seed obtained from mature separated 
fruit. The two oils vary in composition and hence, in odor and flavor. 
Dill is grown in England and Hungary for the seed oi1, in the U.S.A. 

and Hungary for the entire herb oi] and in Germany and Holland for the 
weed oi] (Virmani and Datta, 1970a; Guenther, 1950). 

Dill is susceptible to weather hazards. Hail, strong winds and 
driving rain may injure the flowering plants resulting in no yield of 
oil (Guenther, 1950). The agrological requirements for growing the 
plant are sunmarized in Appendix A-3. 

The oi1 content of dill seed varies from 2.1% in India to 5.62% 
in Russia and of dill herb from 0.16% of fresh weight in India to 1.45%o0f 
dry weight in Russia (Guenther, 1950; Virmani and Datta, 1970a). 

The seed oil has ahigh d-carvore content which varies according 


to the plant geographical origin, species, size and ripeness of fruit. 
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The variation of carvone content due to geographical origins is shown 
by Guenther (1950), and Virmani and Datta (1970a). The percent (w/w) 
of carvone in dill seed 01] was: Jammu and Kashmir 50.5 to 53.0, 
Jammu 45.9 to 52.0, Varikhaz 50.6, Katra 62.2, and Haldwani 41.83 to 
56.6 (the foregoing were from India), Bulgarian oi] 39, Irish 37.8, 
Hungarian 40.0 to 60.0, English 48 to 57, American 50.0 to 60.0, and 
Russian 53.6. 

The varietal variation is shown by the composition of Indian 
dill varieties. The variation between the two varieties is not only 
in the carvone content but also in the other components. The seed oil 
of Anethum graveolens L. contains d-limonene (10%), g-phellandrene (6%), 
a-terpinene (6%), dihydrocarvone (12%), carvone (34.5%), carveol (4%), 
dihydrocarveol (3.5%) isoeugenol (2.3%) and dillapiole (3%) (Baslas 
et al. 1971). The composition of dill seed oi], Anethum graveolens L. 
sub. Sp. Sowa, waS: a-pinene (5.0%), d-limonene (21.4%), d-phellandrene 
(11.4%), a-terpinene (3.6%), dihydrocarvone (14.3%), carvone (20.7%), 
caryophyllene (3.6%), myristicin (1.0%), eugenol (3%), apiole (5.7%) 
and dillapiole (8.5%) (Baslas and Gupta, 1971). Shah et al. (1971) 
analyzed the constituents of two varieties of Indian dill, Anethum sowa, 
and found that the variety Variyali sowa contained 21% carvone, 43% 
dihydrocarvone, 66% total carbonyl] compounds, 13% dillapiole, and 20% 
limonene, while the second variety, Ghoda sowa, contained 35% carvone, 
15% dihydrocarvone, 54% total carbonyl compounds, 12% dillapiole and 
34% 1imonene. 

The composition of dill seed oi] varies with the size of the 


fruit. Grade A, which includes seeds with an average size of 4.5 mm in 
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10. 
length and 7.25 mm in width, has a 2.51% ester content and a 56.08% 
ketone content (calculated as carvone); for seeds of Grade B (3.60 - 
4.50 mm length, 2.30 - 2.50 mm in width), 12.13% esters and 41.27% 
ketones; for the seeds of Grade C, which include seeds with an average 
size of 2.80 - 3.60 mm in length, 1.80 - 2.30 mm in width, 26.52% 
esters and 42.63% ketones; for seeds of Grade D (2.80 mm length, 1.80 
mn width), 26.85% esters and 41.14% ketones (Gulati et al. 1969). 

The d-carvonecontent increases with ripeness of the fruit. The 
very young fruit contains 17% carvone, 12% tertiary alconols (expressed 
as linalool), 2% primary and secondary alcohols, 8% esters and 61% non- 
reacting compounds (probably monoterpene hydrocarbons such as limonene) , 
while the ripe fruit contains 58% carvone, 7% primary and secondary 
alcohols, 18% esters and 17% non-reacting compounds (Luyendijk, 1957). 
In the study of the development of carvone in the fruits of dill and 
caraway Betts (1965) found that dill fruits initially contained 1 to 2 
mg of carvone/100 fruits. Three weeks after pollination the carvone 
content was 5to9 mg/100 fruits in 1962 and 4 to 6 mg/100 fruits in 
1964. The maximum carvone content was obtained from 4-week old fruit 
which also contained a higher portion of limonene than the more developed 
fruit. He concluded that the low carvone content of dill seed oil did 
not indicate the carvone deficiency in the seed. 

The composition of dill herb oil also varies according to the 
geographical origin. This variation of carvone content according to 
geographical location is demonstrated by the results given by Guenther 
(1950) and Virmani and Datta (1970a). The percent (w/w) of carvone for 
dill herb oil is: India 22.0 to 39.39, America 12.0 to 40.0, Hungary 


25.5«to 42.5. and sRussia,15. 
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The composition of dill herb oil also varies according to crop 
year. In the analyses of the quality of dill seed and herb oil from 
Haldwani Gulati et al. (1969) recorded that the percentage content of 
dill herb oil was: for the crop year 1964, ester value 17.74 and ketone 
content 30.49 (calculated as carvone); for the crop year 1965, ester 
value 20.09 for leaves and umbel and 19.40 for whole plant, and ketone 
content 19.93 for leaves and umbels and 22.52 for the whole plant; for 
the crop year 1966, ester value 23.03 and ketone content 31.0. 

The proper time of harvesting is of great importance because 
the quality of the oil depends mainly upon the state of maturity of 
herb and seed. The quality of dill herb oi] depends on the amount of the 
two main constituents, phellandrene and d-carvone, the higher the amount 
of phellandrene, the more pronounced the odor and flavor of the fresh 
herb. The variability of carvone content in herb 011] was due to the 
amount and stage of ripeness of the seed in the whole herb (Guenther, 
1950). The CDA Research Branch at Morden, Manitoba (1972) reported the 
composition of dill herb oi] at various stages of harvesting of their 
1971 crop. The dill herb oil harvested on August 20 contained 1.1% 
a-pinene, 35.7% a-phellandrene, 28.0% limonene, 6.0% linalool and 26.4% 
carvone; that of August 25, 0.8% a-pinene, 28.4% a-phellandrene, 31.8% 
limonene, 4.8% linalool and 32.3% carvone; and that of September 21, 
0.8% a-pinene, 25.8% a-phellandrene, 28.4% limonene, 4.8% linalool and 
38.2% carvone. The dill herb oi] obtained from Plum Coulee, Manitoba 
harvested on September 3 contained 1.2% a-pinene, 35.7% a-phellandrene, 
37.1% limonene, 4.7% linalool and 18.0% carvone while the composition 
of the oil harvested on September 7 was 1.3% a-pinene, 37.6% a-phellandrene, 


33.2% limonene, 4.7% linalool and 19.9% carvone. Guenther (1950) 
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summarized the effect of the state of ripeness of the herb material on 
the composition of dill herb. An oil distilled from partly seeding and 
partly flowering herb material contained 13.0 to 15.6% carvone. An oil 
distilled from herb harvested just after the flowering period contained 
21.8% carvone. An oil distilled from green herb material harvested at 
the proper time of maturity and partly dried before distillation, con- 
tained 34.6% carvone. An oil distilled from half-matured and half-dried 
herb contained 45.8% carvone. An oil distilled from half-matured and 
completely dried herb had 52.0 to 58.0% of carvone. An oil distilled 
from dill seed and chaff contained 64.4% carvone. He recommended that 
the crop grown for the production of herb oil should be harvested when 
the most matured seeds are turning brown. The herb character still 
exists when the carvone content of the oil is less than 35.0% and is 
most pronounced when the oil] contains 20.0% or less of this ketone. 

Drying can also affect the composition of dill herb oil. 
Prolonged drying of the herb in the field would cause a considerable 
loss of oil from the evaporation of the more volatile terpene consti- 
tuents. Thus, the oil distilled from dried herb would have a high 
carvone content, which is not desirable in herb oils. Such an oil 
resembles seed oil in respect to odor, flavor and composition (Guenther, 
1950). 

In their TLC study of the content and composition of some 
umbelliferous essential oils at different stages of growth, E1]-Hamidi 
and Ahmed (1966) found that dill oi] produced six spots at the earlier 
and five spots at later stages of growth. The results showed that 
carvone and phellandrene were the major constituents. Reitsema (1954) 


used TLC with a solvent system of 10 to 15% ethyl acetate in hexane and 
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obtained for dill oi] seven spots with Rf values of 0.03, 0.06, 0.11, 
OF lon Oh ose 0144 andy 0.67 


D. Fennel Seed Oil (feoniculum vulgare Mill.) 


Fennel seeds are aromatic, with a warm, sweet odor somewhat 
Similar to that of anise, and have a slightly burning flavor. Fennel 
oil is used as a flavoring agent in culinary preparations, bread, pastry, 
confections, meat, pickles and non-alcoholic beverages. The spice 
equivalent of this oi] is 5 1b, i.e., this amount is able to replace 
100 1b of the best grade dried fennel seed. 

Of about a dozen varieties of fennel plant, Feoniculum vulgare 
Mill. is the most important one. Feoniculum vulgare Mill. is a herb 
native to Europe and the Far East. There are two main subspecies of the 
plant, the bitter fennel Feoniculum vulgare Mill. var. vulgare and the 
sweet or Roman fennel, Feoniculum vulgare Mill. var. dulce. Bitter 
fennel is grown throughout Europe, Asia and America. Sweet fennel is 
cultivated around the European Mediterranean coast (Guenther, 1950). 

The agrological requirements for growing this plant are summarized in 
Appendix A-4. 

Fennel, a perennial plant, usually produces only a few seeds 
during the first year of growth, but a full crop in succeeding years. 
The seed should be harvested before it is fully ripe when it is suffi- 
ciently hard, and greenish-grey in color. The oil yield of the best 
grade seed from eastern Europe is between 4.0 and 5.0%, and the lowest 
yield is 2.5%. The older seeds give a lower yield (Guenther, 1950). 

The oi] yield is found to be different between the two varieties. The 
sweet fennel seeds yield 1.50 to 3.82% volatile oil, while bitter fennel 


seeds yield 2.92 to 5.76% oil (Karlsen et al. 1969). The sweet fennel 
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seeds from Nigeria yield 2.0 to 2.4% oil (Osisiogu, 1967). The seed 


of Ooty fennel, Feoniculum vulgare Mill. sub. sp. vulgare, was reported 
to yield 8.5% volatile oi] (Shah et al. 1970). 

The composition of fennei oi] varies according to the geographi- 
cal origin. By using the method of congealing points Guenther (1950) 
found that the amount of anethole from fennel oil from Minnesota was 
65.0%, and from Russia, 61.0 to 62.5%. The anethole content of sweet 
fennel oil from southern France ranged from 83.0 to 87.0%. The anethole 
content of fennel oil from Nigeria analyzed by gas-liquid chromatography 
was 86% (Osisiogu, 1967). The CDA Research Branch in Morden, Manitoba 
(1972) reported the following composition of locally grown fennel: 

3.4% a-pinene, 1.4% a-phellandrene, 47.1% limonene, 3.2% linalool, 2.7% 
anisol, 0.9% carvone and° 36.2% geraniol. 

The composition of fennel seed 011 also varies according to the 
plant varieties. This varietal difference is shown by the Saree of 
anethole, the only major and the most important constituent of fennel 
oil. Sweet fennel oil contains 75.0 to 87.0% of anethole while bitter 
fennel oil has 61.0 to 75.0% of the compound (Guenther, 1950). Fenchone 
was reported to be present in bitter fennel seed oi] but not in sweet 
seed oi] (Guenther, 1950). Recently, it was found that both sweet and 
bitter fennel seed oils contain fenchone (Betts, 1968; Karlsen et al., 
1969). However, sweet fennel seed oi] has a lower amount of fenchone 
than bitter seed oil. In sweet fennel oil the fenchone content is in 
the range of 1.3 to 11.1 parts and in bitter fennel seed oi] from 16.3 
to 31.6 parts relative to 100 parts of trans-anethole (Karlsen et al., 
1969). The varietal difference is also observed in the other consti- 


tuents. Shah et al. (1970) reported that Ooty fennel seed oi] contained 
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estragole as the major constituent and no anethole. The estragole con- 
tent in sweet fennel seed oil] varies from 3.0 to 5.0, and in bitter 
seed oil from 2.6 to 5.5 relative to 100 parts of trans-anethole (Karlsen 
et al., 1969). Both varieties contain seventeen monoterpene hydrocarbons. 
The percentage composition of monoterpene hydrocarbons in sweet and 
bitter fennel is as follows: a-pinene 0.60 and 14.90, a-thujone 0.05 
and 0.06, fenchone 0.00 and 0.06, camphene 0.05 and 0.09, g-pinene 0.12 
and 0.65, A3-carene 0.45 and 30, a-phellandrene 0.16 and 1.25, myrcene 
0.60 and 3.60, limonene 1.40 and 8.60, a-terpinene 0.20 and 0.30, 
B-phellandrene 0.55 and 1.75, an unknown 0.25 and 0.50, y-terpinene 2.20 
and 1.20, cis-ocimene 2.50 and 0.00, terpinelene 0.70 and 0.30, trans- 
ocimene 0.02 and 0.15, and p-cymene 1.00 and 0.50, respectively. 

The composition of fennel seed oi] varies with the maturity of 
the seed. Betts (1968) studied the anethole and fenchone contents in 
the developing fruits of bitter and sweet fennel varieties over three 
growing seasons. He observed that in both varieties anethole content 
continued to accumulate to about 22 mg/100 seeds. Fenchone was found 
at all stages of development in both varieties and was increasing con- 
tinuously to about 10mg/100 seed in the bitter variety and to about 2 mg/ 
100 seed in the sweet variety. In the study of the composition of 
brownish-green and green fruits of sweet fennel Karlsen et al. (1969) 
found that estragole content relative to that of anethole was almost 
constant, and that the fenchone content was much higher in green fruits. 
The fenchone content in brownish-green fruits ranged from 2 to 5 parts, 
and in green seed from 11 to 14 parts relative to 100 parts of trans- 
anethole. The difference in composition as shown by TLC of bitter 


fennel seed oi] distilled at different stages of development was 
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reported by El-Hamidi and Ahmed (1966). The chromatograms showed five 
spots for the oil obtained at the earlier and ten spots at the later 
Stage of fruit development. 

The quality of fennel seed oi] depends on two constituents, 
anethole and fenchone; the higher the amount of anethole and the lower 
the amount of fenchone, the better the quality of the oil. Bitter 
fennel seed oi] of good quality should contain 50.0 to 60.0% of anethole. 
Fenchone, which is present in higher amounts in bitter fennel oi1, causes 
a somewhat coarse and bitter taste. Due to the high amount of anethole 
and low amount or absence of fenchone, sweet fennel seed oil has a more 


delicate and sweet odor and flavor (Guenther, 1950). 


E. Peppermint Oi] (Mentha piperita L. 
1. Uses and Oil Yield 
Peppermint is certainly one of the most popular flavors. Oi] 
of peppermint is used in the food industry for flavoring a wide range 


of consumer products such as: 


non-alcoholic beverages 99 ppm 
alcoholic beverages 240 ppm 
ice cream, ices, etc. 110 ppm 
candy 1,200 ppm 
baked goods 300 ppm 
gelatins and puddings 75-200 ppm 
chewing gum 8,300 ppm 
meats 8 ppm 
icings 5-54 ppm 


toppings 650 ppm 
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Peppermint oil is also used in cosmetics, toothpaste, mouthwash, 
tobacco flavoring and for masking objectionable taste and smell of 
medicinals. 

Mentha piperita L. is a native of Mediterranean countries. 
Peppermint grows wild in damp places in Europe and North America from 
Nova Scotia to Minnesota, and south to Florida and Tennessee. It is 
extensively cultivated in southern Michigan, northern Indiana, Oregon, 
Washington and Ohio. The two commercially important varieties are the 
black or English mint, M. piperita L. var. vulgaris, which is extensively 
grown in the Mid-West of U.S.A., and American mint, M. piperita L. var. 
americana, which is as hardy as the first variety but gives a lower 
yield of oil. The less commercially important white mint, M. piperita 
Leaver wOtlicinal 1S. dant around Mitcham, Surrey, England is a less 
hardy plant. However, the oil distilled from this variety is considered 
the finest of all commercial peppermint oils (Guenther, 1952). 

The oi] yield depends a great deal upon the condition of the 
fields, plant age, absence of diseases, pests, weeds, climate, etc. In 
America the average yield ranges between 0.3 to 0.4% on the dry basis, 
but may be as high as 1%. The highest yield, 5.3% on the dry basis, 
was recorded in Russia (Guenther, 1952; Virmani and Datta, 1970b). 

Ellis et al. (1941) observed that in most cases the yield of oi] increases 
as the herb approaches maturity, i.e., full bloom, after which the yield 
decreases rapidly as the foliage begins to fall. Sardanovsky (1929) 
reported that the oil content of the leaves is highest during the inter- 
val between inflorescence and opening of the blossoms. By studing the 


relationship of oil yield and free menthol content, Ellis and Gaylord 
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(1944) observed that the oil content in the plant increased up to a 
certain point at which the free menthol content reached a value of 45%. 
However, when the plant was not harvested at this point, the yield of 
0il decreased, though the free menthol content still increased. 

It was observed that the quality and yield of the oil are 
influenced by: 1) exceptionally high luminosity, 2) the long growing 
season, 3) the length of the day during the height of the season, from 
16 to 18 h. Under these conditions the oil yields for Yakima Valley, 
Washington were in a range of 73 to 168 kg/ha* and the average annual 
yield was 84 kg/ha (Virmani and Datta, 1970b). The agrological require- 
ments for growing this terb are listed in Appendix A-5. 

Since it is difficult to achieve complete removal of the oil 
from fresh mint herb by steam distillation, the more facile distilla- 
tion of an oil of slightly inferior quality from cured herbs is widely 
practiced. However, drying for a long period of time in direct sunlight 
causes a substantial loss of oil resulting from factors such as shatter- 
ing of leaves, resinification and possible evaporation of the oil 
(Guenther, 1952). During the distillation, 40 to 45% of the oil is 
obtained within the first 10 min after which the amount of oil being 


distilled decreases as the distillation proceeds (Ellis et al., 1941). 


2. The Effect of Some Agrological Treatments Upon 


the Yield and Quality of Peppermint 071 


As early as 1926, Maku reported that nitrogen (N) improves the 
growth and increases the oi] yield. However, in comparison to N, potassium 
(K) and phosphorus (P) were mcre effective in increasing the oil yield. 


According to Springer (1937), the oil yield depends on the quality of the 


*ha = 2.471 acres 
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soil and fertilization. He observed that NP fertilizers gave the best 
result. However, the fertilizer treatments did not influence the overall 
chemical composition of the 011. Schlemmer and Springer (1939) found 
that the highest yield of herb is obtained when either a mixture of super- 
phosphate and potash or superphosphate and ammonium sulphate is used; 
however, there is no appreciable increase in oil content. According to 
Ellis et al. (1941), fertilizer applications affected the maturity of 
the plants but not the chemical properties of the oil. Birkeli (1948) 
observed that the black mint required larger quantities of K and N and 
lesser amounts of P. 

In laboratory tests it was found that increasing N from 0.15 to 
1.20 g for each plant grown in quartz sand, increased the oi] content 
from 1y45tor2 62. manevers the increase of P resulted in a smaller in- 
crease in oil content and absolute yield, while the addition of K re- 
sulted in a lower content of oil (Schratz and Wilmann, 1949). In field 
plot experiments Khotin (1950) observed that fertilization of soil with 
sodium nitrate and ammonium sulphate nearly doubled the oil yield. The 
effect is more pronounced when fertilization is done in the early stages 
of plant growth. 

The N fertilization results in a marked increase in herb and 
oi] yields, while P fertilization results in a small increase in the 
yields. Both K and sulfur (S) produce negligible effect on the yields 
(Baird, 1957). According to Steigerwald (1959), magnesium (Mg) increases 
the herb yield, though the oil content is not significantly affected. 
Latypov (1960) observed that fertilizer treatments increase the plant oi] 
content from 60 to 85% and improve the oil quality. Nh4q-fertilizer is 
more effective than nitrate fertilizer, while K2S0q and (NH4)2S0q4 are 


more effective than NH4C1l in increasing the oil yield. 
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In an extensive study on the effect of commercial fertilizers 
on the oi] yield of mint, Green (1963) found that fertilizers in general 
bring about an increase in yield. The type of fertilizer and the rate 
of application depended on the type of soil, preceding crop and manage- 
ment practices. Thus, on highly organic muck soils, 335 to 560 kg/ha 
of N5, P20, K20 fertilizer was applied to first-year mint. In cool, wet 
seasons 30 to 55 kg of N/ha was applied as a side dress to give young 
plants a better start. On established plantings 280 to 560 kg/ha of 
N5, P20, K20 fertilizer or equivalent was applied before growth. On 
Sandy loam soils, the equivalent of 135 kg of N/ha was applied, usually 
aS ammonium sulphate or nitrate. The use of K and P was justified only 
when soil analysis indicated a deficiency in one or both nutrients. 

In the study of the effect of fertilizers on the yield of herb 
and composition and yield of oi1, Skrubis (1964) observed that N at the 
level of 14.3 g/m? had a significant effect on the yield of fresh herb 
of the first harvest, while P at the level of 20 g/me anda Ky <3 g/m? 
as well as their combination, had no significant effect on the yield of 
fresh herb. In the first harvest the yield of essential oil was in- 
creased by N and K and in the second harvest by N, P, K and NP treatments. 
However, the composition of the oil was not affected by these fertili- 
zers. O'Connor (1965) studied the effect of N, P and K alone or in 
combination on the yield and the quality of the oil and found that high 
amounts of N increased the yield of oil significantly but reduced its 
menthol content. Similarly, superphosphate decreased the menthol con- 
tent, while NPK reduced the oil yield. 

Under greenhouse conditions a treatment of the seedline with 


plant hormones such as amido-a-naphthyl-acetic acid increased the 
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menthol and oil contents in the leaves. When the seedling was soaked 
in the solution (107-4 to 10-5%) and then transplanted, the oi] content 
in the leaves increased from 29 to 46%, and the menthol content from 
4.5 to 9.0%. In such treatments the higher concentrations of hormone 
were more effective (Maciejewska-Potapczykowa and Kaminska, 1956). By 
sprinkling the plant with Na-a-naphthyl acetic acid or its methyl amide 
in concentrations of 10-4 and 107°% similar increases in the amounts of 
oil and menthol were obtained. The oi] yield increased by 28 to 54%, 
and the menthol content by 4.9% (Moycho et al., 1954). When the plant 
was sprayed with 0.001 or 0.01% solution of gibberellin, it grew signi- 
ficantly taller (Kirsyte, 1965). There was a substantial increase of 
leaf, stem and flower weights but the oi] content in the leaves dropped 
by 7-10%. Gjerstad (1960) treated the plants five times over a period 
of three months with a foliar spray of aqueous gibberellic acid and 
found that the oil content decreased by 52.4%, however the menthol con- 


tent was the same as in the control. 
3. Composition of Peppermint 071 


The composition of oils distilled in Ontario and United States-- 
Mid-West, Oregon and Yakima as well as Europe, South Africa and Argentina 
was studied in detail by gas chromatographic analysis. Besides the 
monoterpene hydrocarbon constituents, most of the menthone-related con- 
stituents including the stereoisomers were reported. The results of 
these analyses and their comparisons are tabulated and presented in 
Appendix D-1. 

Regardless of the geographical origin, the major constituents 
of the oilare 1]-menthol and 1-menthone. The sterioisomers of these con- 


stituents, neomenthol and isomentnone, are always present. Also, the 
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acetic acid ester of menthol is always present. The other menthone 


related constituents present in the oi] are menthofuran, pulegone and 
piperitone. The only major monoterpene hydrocarbon constituent 

present is limonene. The monoterpene hydrocarbons always present in 
smaller amounts are a- and g-pinene, while the presence of camphene is 
dependent on the oil origin. Many of these constituents might be used 
to assess the geographical origin or the plant species used in oil pro- 
duction. Thus, the ratios for menthone/isomenthone, limonene/cineol, 
neomenthol/menthyl] acetate, menthol/neomenthol, etc. were found to be 
useful for identifying the origin of the oi]. However, these ratios 

are typical for natural oils, and are different from similar ratios of re- 
distilled, rectified, dementholised, deterpenised oils also found on the 
market either as improved or as adulterated oils (Smith and Levi, 1961). 

Recently, Lawrence et al. (1972) reported that oil from Oregon 
contained a total of 99 constituents most of which were present only in 
traces. A detailed study of the monoterpene constituents present in 
peppermint oil was also reported recently by Hefendeh] and Murray (1973). 
A total of twenty-five constituents were identified,with limonene the 
only major constituent. 

The influence of stage of harvesting on the composition of oil 
was first observed on American peppermint oils by Kleber (1914). He re- 
ported that the plant first develops l1-menthone which in later stages seems 
to be reduced into menthol. In a study of Russian peppermint oi] Rutovski 
and Travin (1929) confirmed that the menthol content increases while 
menthone content decreases with the plant maturity as shown in the 


Summary below. 
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Menthol Menthone 
Date Stage of Development Ester% Free% Total% % 
July 17-19 Long before blooming O22 39.67 47.388 13.04 
Aug 8 Without buds Thess 44.85 52.10 
Aug 14 With buds 723) 46.07 54.04 6.38 


Aug 31-Sept 3. Beginning of blooming 11.16 48.82 59.98 ore 
Sept 17-18 Full Bloom 13.04 46.33" 59.73 1.43 
Sept 26-Oct 3 End of blooming 15.68 45.00 60.68 2.46 


The observation made by Sardanovskii (1929) also agrees with the above 
results. He reported that the percentage of menthol in the oil increases 
with the growth of the plant and attains a maximum near the end of bloom- 
ing. In a study of the relationship of oil yield and free menthol con- 
tentainethesol le his aad Gaylord (1944) found that the oil yield of 

the peppermint plant increases up to about 45% free menthol, and, when 
the plant is allowed to stand, the yield of oil decreases and the free 
menthol content continues to increase. This increase seldom exceeds 60%, 
though the total menthol, which includes the free and esterified menthol, 
exceeds this percentage. The oil which contains an appreciable portion 
of blossom oi] was found by Watson and John (1955) to usually be rich 

in menthofuran. Since this terpene has a hay-like odor and unpleasant 
flavor, they associated the poor quality of the oi] with the presence 

of a high amount of menthofuran. In a study of the occurrence of mentho- 
furan in oil, Lemli (1957) found that menthofuran is secreted in the 
young leaves and buds of the plant, where metabolism is most active. 

The oi1 distilled from seven-day old plant possesses the highest content 
of menthofuran. The content decreases as the plant develops, but in- 


creases again from the time of flower bud formation and finally decreases 
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after flowering. A three-year study on the major constituents of 
peppermint oil in relation to the maturity of the plant revealed that 
the esterified and free menthol contents continue to increase with 
maturity of the plant, while the menthone content decreases even after 
the blossoms have gone (Watson and John, 1955). 

It was observed that the length of curing negligibly affects 
the oi] composition (Watson and John, 1955). The amounts of free and 
esterified menthol increase as distillation proceeds, while the menthone 
content decreases. Therefore, in order to obtain a good quality oil 
with high content of free and esterified menthol the herb should be dis- 
tilled completely (Ellis et al., 1941). 

The characteristic of peppermint oil flavor is apparently due 
to the combined effect of several constituents in the oil (Pintaure, 
1971). A good quality oil should be high in menthol and menthyl acetate 
(Guenther, 1952; Virmani and Datta, 1970b). However, of the four 
stereoisomers, menthol, neomenthol, isomenthol and neoisomenthol, only 
menthol gives an agreeable odor of peppermint. The presence of a high 
amount of neomenthol, isomenthol and neoisomenthol imparts a "musty" or 
"flat" odor to the oil (Hornstein and Teranishi, 1967; Arctander, 1969). 
Menthone is also a characteristic and valuable component of peppermint 
oil (Pintauro, 1971), but due to its bitter taste, excessive menthone 
content is undesirable (Guenther, 1952). The association of poor epee 
mint oi] quality with high menthofuran content was first reported by 
Watson and John (1955). The effect of menthofuran content on the flavor 
of peppermint oil can be detected significantly at 9.5% and higher 


(Cash et al., 1971). 
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Paw Sager0tr (salvia Orricinal ts lL.) 


In the food industry the bulk of sage oil is used for the flav- 
oring of baked goods, table sauces, canned and packed foods, soups, 
meats (especially sausages), pickles, candies, chewing gum and finally, 
for flavoring non-alcoholic beverages. The amount of sage oil which 
can replace 100 1b of the best grade of dried herb is reported to be 
2 hey 

The true Dalmation sage is a native of the Dalmation Islands 
and the adjacent coast of the Adriatic sea. Of a wide range of vari- 
eties of Salvia officinalis L., the Dalmation sage possesses the finest 
and the most characteristic aroma. American sage grows well in a region 
from central Georgia, south to Wisconsin and throughout the eastern 
coastal states. It is now being grown mainly in the state of Washington 
(Guenther, 1952). The agrological requirements for growing this herb 
are listed in Appendix A-6. 

Young plants that have not reached the flowering or seeding 
stage contain a high amount of an oil with a fine aroma. The average 
herb oil yield of Dalmation sage decreases from 2.0% at the beginning 
of the harvest to about 0.7% at the end of the harvest, and the average 
yield for the growing season is 1.4%. In the case of American sage 
the oil yield is reported to range between 0.6 and 1.0% (Guenther, 1952). 

The composition of genuine Dalmation sage oil was reported by 
Guenther (1952). The so-called "High Test Oil", with high thujone 
content, contained 1.6 to 4.0% esters calculated as bornyl acetate, 6.9 
to 16.0% alcohols calculated as borneol and 41.6 to 61.2% ketones. The 
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22.0 to 39.7% ketones. Recently, Brieskorn and Wenger (1960) reported 
the composition of Dalmation sage oil as follows: 3.3% a-pinene, 5.6% 
B-pinene, 14.8% cineol (linalyl acetate), 51.0% thujone, 8.2% camphor, 
6.6% borneol, and 1.7% bornyl acetate. The composition of Dalmation 
sage varies according to stage of harvesting and the growing season 
(Guenther, 1952). The oil distilled from whole flowering plants grown 
in summer contained 32.0 to 35.0% cineol, about 30.0% sesquiterpenes, 
9.0 to 14.0% borneol, 5.0 to 10.0% thujone and camphor and 2.0% esters. 
The composition of sage oi] distilled from the whole non-flowering plant 
grown in winter was 13.0 to 20.0% cineol, about 20.0% sesquiterpenes, 
7.5 to 12.0% borneol, 20.0 to 32.0% thujone and camphor, about 15.0% 
monoterpene hydrocarbons and 2.2 to 3.7% esters. 

The composition of sage oi] obtained from other regions is also 
reported. Italian sage oi] contained 15.0% terpenes, 31.5% ketones 
(a-thujone and L-camphor), 15.0% cineol, 11.2% free alcohols (L-borneol 
and probably DL-borneol), 2.3% esters and 20.0% sesquiterpenes. Three 
good quality sage oils from the state of Washington contained 3.3 to 
6.0% esters calculated as bornyl acetate, 13.0% alcohols calculated as 
borneol and 35.4 to 46.7% ketones calculated as thujone. In the analyses 
of essential oils of some labiaceous plants from Egypt, Karawya et al. 
(1970) reported that sage oil contained 2.472% a-pinene, 3.708% sabinene, 
7.879% B-pinene, 11.433% camphene, 2.781% myrcene, 9.88% limonene, — 
18.54% g-phellandrene, 13.348% ocimene, 0.309% p-cymene, 17.119% cineol, 
2.161% borneol, 0.742% camphor, 0.730% linalool, 0.249% bornyl acetate 
and a trace of terpineol. The TLC of this sage oil using ethyl acetate: 
petroleum ether (40°-60°) 15:85 as the solvent revealed six spots. The 


Rf values and identities of these spots were as follows: 0.35-terpineol, 
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0.50-camphor, 0.47-linalool, 0.71-1,8-cineol, 0.74-geranyl acetate and 
0.96-terpene hydrocarbons. In the characterization of essential oils 
by TLC using 10 to 15% ethyl acetate in hexane as solvents Reitsema 
(1954) found that sage oil produced five spots with Rf values of 0.22, 
0.31, 0.54, 0.63 and 0.94. Finally, the CDA Research Branch, Morden, 
Manitoba (1972) reported that the oil from locally grown sage contained 
5.5% a-pinene, 2.6% a-phellandrene and 10.4% anisol, while that of broad 
leaf sage, also locally grown, contained 4.5% a-pinene, 1.8% a-phellandrene, 
14.9% anisol, 0.7% carvone and a trace of geraniol. 

Thujone is the most important constituent of sage oil and is 
largely responsible for its characteristic odor and flavor. A higher 


percentage of thujone indicates a good quality (Guenther, 1952). 


G. Thin-Layer Chromatography 


In the analysis of essential oils thin-layer chromatography (TLC) 
is widely used to screen the minor and major constituents of these oils, 
and to identify these constituents with or without coupling to a GLC. 
Scott (1973) gave advantages of adsorption TLC over column chromato- 
graphy where the separation of a large amount of material is not impor- 
tant. The relatively easy spreading of adsorbent on glass plates replaces 
the tedious packing of columns. TLC is important when the compounds under 
study are available in small amounts such as in the case of essential 
oils. It is cheap, rapid and gives good resolution. The separated con- 
stituents can be easily detected directly by visible or UV light, or can 
be readily visualised by detection reagents. Furthermore, measurement 
of Rf values is more convenient than measurement of retention volumes 


as in column chromatography. When compared with the latter separation, 
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the TLC technique has a number of advantages the most important of 
which are versatility and sensitivity (Kirchner, 1973). 

Based on a survey of 1,107 literature reports, Scott (1973) 
tabulated the frequency of the adsorbents used in TLC as follows: 
Silica gel G 53.8%, silica gel H 10.1%, alumina 3.1%, cellulose 8.9%, 
kieselguhr 0.6%, polyamide 2.4% and others 21.1%. In addition, he 
Stated that silica gel (silica, silicic acid and kieselgel), unlike 
alumina, does not catalyze chemical alteration of labile samples. He 
also found that the range of sample concentration over which linear 
isotherm separation (where Rf values are constant) can be performed 
for silica gel is 10-fold greater than for optimally prepared alumina 
and 100-fold when compared to the highly activated chromatography 
grade alumina. 

Silica gel has a polar and slightly acidic surface; hence, it 
preferentially adsorbs polar and basic compounds. It possesses a total 
Surface area ranging from 300 to 600 m¢/g. On the surface of silica 
gel there are three significant chemical species: -Si-OH (free 
hydroxy]), -Si-0-Si- (siloxane) and -Si-OH...OH-Si- (reactive hydroxyl). 
Of these, the siloxane is considered the least important in adsorption. 
For compounds with multiple binding sites, the reactive hydroxyl is the 
strongest adsorbent site. However, for compounds with a single func- 
tional group, both free and reactive hydroxyls are equivalent. Reactive 
hydroxyls are located in higher concentrations at smaller pores thus 
contributing less to the properties of typical wide pore TLC silica 
(Scottvero7z3)t 

Silica gel for TLC usually contains a binder, either starch or 


calcium sulphate (gypsum), to enhance adherence of the stationary phase 
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to the plate. Scott (1973) found that this binder does not exert exten- 
sive influence on the character of the adsorbent. The impregnation of 
Silica gel with ferric oxide, mercuric acetate, thallous or silver ni- 
trate has been reported. By using silver nitrate impregnation of sili- 
ca gel Lawrence (1968a) was able to separate unsaturated terpenes 
according to the position and number of double bonds. The separation 
was achieved due to the ability of the unsaturated compounds to form 
m-complexes with silver ions. He concluded that cyclic terpenes with 
Single internally located double bonds do not readily form complexes, 
that cyclic or acyclic terpenes with two non-terminal double bonds do 
not readily form complexes unless the double bonds are in cis conjuga- 
“tionssandy that teye | 1.¢ tor. acyclic terpenes with exocyclic or terminal 
double bonds readily form s-complexes with silver ions. Recently, 
using a thallous nitrate impregnated adsorbent, Baines and Jones (1970) 
established that the stability of the complex is increased in the 
following order: bicyclic terpenes with a single internal double bond, 
bicyclic terpenes with an exocyclic double bond, monocyclic terpenes 
with two non-terminal double bonds, and monocyclic or acyclic terpenes 
with exocyclic or terminal double bonds. However, due to its toxicity, 
thallous nitrate was not accepted widely as an impregnating agent. 
Impregnating with mercuric acetate brought about a similar separation 
as silver nitrate, although compounds with two internally located double 
bonds did not form stable complexes, even when the double bonds were cis 
conjugated (Lawrence, 1971). By using silver nitrate impregnated silica 
gel layers, Stahl and Vollmann (1965) separated terpene alcohols with an 
equal number of carbon atoms on the basis of double bonds and found that 


2.5% of silver nitrate was the optimum content for the separations. 
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Similarly, Ikan and Meir (1965) were able to separate oxygenated ter- 
penes such as geraniol, citronellol, carvone, pulegone, citral and 
piperonal on silica gel layers impregnated with silver ions. A compre- 
hensive review of the adsorbents applied in the analysis of essential 
oils and their constituents has been given by Stahl and Jork (1969). 

The thickness of adsorbent is also of importance in TLC 
analysis. Stahl (1969) has shown that plates with a very thin layer of 
adsorbent developed more slowly. The rate of development improves with 
increasing layer thickness until 250 yp beyond which no gain is observed 
in development rate. A thicker layer was necessary where greater capa- 
city of the stationary phase was needed to isolate individual consti- 
tuents for further identification tests as in preparative TLC. (Stahl, 
1969; Bobbitt, 1968). The thickness of the layer within the range of 
0.15 to 2.0 nm does not affect significantly the Rf values and the 
efficiency of separation. Thin layers are best suited for diagnostic 
or qualitative analysis, and the majority of such analyses have been 
carried out with layers of 0.25 mm thickness (Bobbitt, 1968). When it 
is stated that 250 uy layers are used, it means that the spreader gate 
is set at 250 yp. The real thickness of the adsorbent is actually 
thinner because of the shrinkage which occurres as water evaporates 
during activation. The degree of shrinkage varies with the initial 
water content in the adsorbent slurry, actual particle size, and the 
type of adsorbent used (Scott, 1973). 

Before TLC separation the plates are activated, usually at 105°. 
Scott (1973) stated that in a silica gel slurry there is capillary 
water as well as water associated with hydroxyl groups. The water bound 


to hydroxyls must be removed during the activation because it tends to 
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resist the movement of less polar components during separation. Thus 
the activation of the plates actually exposes the reactive sites of the 
adsorbent, allowing them to interact with the compounds to be analyzed. 
He also established that optimal activation is achieved when the plate 
is heated at 105° to 110° for 30 min. Stahl (1969) claimed that a very 
active layer can be obtained by heating silica gel platesfor 3 to 4h 

at 150°. However, such a high activation appeared to be necessary only 
when the substance is applied in a dry atmosphere and when anhydrous 
solvents are used. On the other hand there is a danger that the sub- 
stance might decompose on a highly active layer. He also indicated that 
without previous drying of the plates at room temperature, it takes 
nearly 2 h for the plate m0 be activated in a oven at 110°. Predrying 
at room temperature reduces the time of activation. As found by Scott 
(1973), heating at 150° to 200° removes the capillary water, while at 
200° to 400° the loss of additional water is due to the conversion of 
hydroxyl groups to the siloxane structure. Heating above 200° converts 
the silica gel into an adsorbent with preferential adsorption character- 
istics for the presence of functional groups or unsaturation degree of 
the compounds analyzed. 

The solvent system used in TLC separation is able to contribute 
further in the separation of terpene mixtures. A detailed list of the 
solvent systems used for various essential oils and terpenes was given 
by Stahl] and Jork (1969). In addition, Lawrence (1968b) gave his list 
of the ‘Top Ten' solvent systems in TLC of essential oils which included: 
benzene, benzene:ethy] acetate (95:5), hexane:ethyl acetate (85:15), 
hexane, benzene:ethy] acetate (90:10), chloroform:benzene (1:1), chloro- 


form, hexane:ethyl acetate (85:15), benzene:ethyl acetate (85:15), and 
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hexane:ethy] acetate (90:10). The same author also confirmed the earl- 
ier findings that systems which are a mixture of high and low polarity 
solvents, such as hexane:ethyl acetate (85:15), give less diffuse spots 
in the TLC separation of essential oil constituents than low polarity 
solvents, either mixed or alone. 

Numerous spraying reagents have been used in detecting the 
constituents of essential oils. Among those widely used are: sulphuric 
acid and ammonium hydrogen sulphate for detection of all organic con- 
stituents, antimony tri- and pentachlorides, phosphomolybdic acid, 
vanillin-sulphuric acid, and p-dimethylaminobenzaldehyde-sulphuric acid 
as general terpene reagents; diphenylpicryl hydrazyl, fluorescein- 
bromine, iodine and Seeien permanganate for unsaturated terpenes; 
and finally, for essential oil phenol constituents, phloroglucinel- 
sulphuric acid, Folin-Ciocalteu reagent and ferric chloride (Lawrence, 
1968b). Stahl and Jork (1969) claimed that terpenoid substances are best 
visualized with the anisaldehyde-sulphuric acid, or antimony chloride re- 
agents or molybdophosphoric acid. They also classified terpenoid com- 
pounds into various groups, each with its own spraying reagent. For 
visualization of mono- and sesquiterpene hydrocarbons sulphuric acid or 
anisaldehyde-sulphuric acid reagent was used. Terpene oxides, and per- 
oxides were visualized with anisaldehyde-sulphuric acid, antimony tri- 
and pentachlorides and acidic p-dimethylaminobenzaldehyde reagents. 

The detection of terpene esters and lactones was found by the above 
authors to be achieved by molybdo-phosphoric acid, anisaldehyde-sulphuric 
acid and antimony tri- and pentachloride reagents. Furthermore, terpene 


aldehydes and ketones were visualized most often with an acidic 2,4- 
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dinitrophenylhydrazine reagent, however, camphor detection appeared to 

be more sensitive using Dragendorff reagent. The detection of mono- 

and sesquiterpene alcohols was achieved with molybdophosphoric acid 
reagent which appeared to be a sensitive, though non-specific reagent. 
For the same alcohols other reagents such as anisaldehyde-sulphuric acid, 
antimony tri- and pentachlorides were also used. However, the detection 
with anisaldehyde-sulphuric acid reagent proved to be more sensitive 

than that with antimony chlorides. 

Kaiser (1969) regarded the coupling of TLC-GLC as a new analyti- 
cal entity which can supply superior information on the analysis. The 
GLC-TLC coupling allows a double and a two-dimensional separation. 

Janak (1963) observed that with this coupling procedure it is possible 

to separate the compounds according to the number of carbon atoms with 
GLC and the type of functional groups with TLC. Kaiser (1969) mentioned 
that this procedure allows a multiple identification as well as a quanti- 
tative determination of individual components. It is a most critical 
control procedure which reduces errors in qualitative results and checks 
the quantitative values. This coupling technique also yields further 
information on the sample constituents, the chemical changes which may 
occur during GLC or TLC analysis, and the errors in the GLC quantitative 
response. He also observed that discontinuous coupling of TLC-GLC is 
time consuming, and may be accompanied by the loss of components and the 
loss of information concerning the structure. Neill et al. (1964) stated 
that this technique is sufficiently accurate for biological analytical 


problems with as little as 10-/ gq of substance, 
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H. Gas-Liguid Chromatography 


1. Column 


Most of the analyses of essential oils are carried out by using 
large diameter packed columns. Lawrence (1971) stated that these large 
columns do not give adequate separations. Teranishi (1970) recommended 
the use of capillary open tubular, or small diameter packed columns for 
more efficient separations. Sometimes a large diameter preparative col- 
umn is used in conjunction with a capillary column. 

Zubyk and Conner (1960) established that isomerizations are 
caused by copper columns but not by glass and steel columns. Similarly, 
copper can also catalyze the decomposition of many volatile oil constit- 
uents (Humphrey, 1970). The stainless steel and aluminum columns cause 
extensive adsorption of polyols and vanillins while copper and glass col- 
umns do not exhibit this effect. However, by coating the metal walls 
with a thin film of a polar stationary phase, the adsorption might be 
eliminated (Levins and Ottenstein, 1967). In addition Ottenstein (1973) 
found that metal columns or any metal in the chromatographic system can 
cause tailing of peaks. Ziegler and Guenther (1971) compared the use of 
glass columns with metal columns in the analysis of terpene hydrocarbons, 
alcohols, aldehydes, esters and sesquiterpenes present in citrus fruit 
essence and established that the glass column is superior, giving better 
separation, high recovery of the alcohols and esters, negligible forma- 
tion of artifacts, and a possibility of temperature programming over 
180° thus permitting the separation of high boiling sesquiterpenes and 
furocoumarines. Jennings (1972) stressed that hot metal, not only of 


the injector port but also from the column itself, can catalyze changes 
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that result in separations which are impressive but meaningless, because 
the compounds on the chromatogram bear little relationship, qualitative 
or quantitative, to compounds originally present in the product. Glass- 
lined injectors and glass columns can overcome these problems. They 
also minimize on column reactions and permit the observation of packing 
defects, discoloration of the liquid phase due to degradation, and void 
Space that develops in the column during use, all of which can produce 
confusing or even erroneous results. 

Huyten et al. (1960) found that the height equivalent to theoret- 
ical plate (HETP) of a large diameter column increases linearly with the 
length of the column until the influence of radial diffusion becomes im- 
portant, resulting in a constant plate height independent of further 
column lengthening. This constant value is reached after about 1 m for 
loose packings and a few meters for dense packings. Short length columns 
connected by narrow tubing give some improvement. Giddings (1964) showed 
that the resolution of neighboring peaks increases with column length. 
However, the main limitation in column length increase is the pressure 
drop in the system. Karger and Cooke (1964a) also emphasized that there 
is an optimum length for a set of operating conditions. For instance, 

a shorter column produces better resolutionin a shorter time at lower 
temperature than a long column. Since the shorter column can be operated 
at a lower temperature, decomposition may be avoided. The capacity fac- 
tor determines the optimum length and further increase from this length 
causes a decrease in resolution. A small capacity factor results in 
shorter optimum column and a greater decrease in resolution. The rate 

of decrease in resolution is found to be more severe for capillary than 


packed columns because of a smaller capacity factor in the former. 
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Jennings (1972), however, stated that a glass capillary column 65 m in 
length with an inner diameter of 0.025 mm, shows an efficiency of 8 - 50 
x 104 theoretical plates and is able to give a separate peak for almost 
every component of a mixture. Verzele et al. (1972) reviewed the advan- 
tages and disadvantages of a capillary column, and found that the combi- 
nation of wider bore glass capillaries with a technique of on-column 


injection simplified the use of open tubular capillary columns. 


2. Solid Support 


Using scanning electron microscopy Drew and Bens (1968) studied 
the solid supports used in GLC and found that their surface characteris- 
tics are complex, usually consisting of porous granular particles with 
a high surface asperity. Conner (1958) reported that the isomerization 
of a-pinene to camphene occurred on pink (P) but not white (W) solid 
Support. Pink support was found by Holmgren (1958) to cause dehydration 
of certain tertiary and a and 8 unsaturated primary alcohols. Scholz 
and Brandt (1962) found that Chromosorb P absorbs roughly 10 times more 
than Chromosorb W and the former has more H-bonding sites. Gillen and 
Scanlon (1972) showed that in the separation of menthol-menthone 
stereoisomers, all columns studied with liquid phases supported on 
Chromosorb P give significantly improved column characteristics relative 
to those prepared on Chromosorb W. The other benefit of using Chromosorb 
P is increased stability of the columm. However, Ottenstein (1973) found 
that on Chromosorb P, oxygenated compound and amines tail badly, while 
hydrocarbons perform well. Chromosorb W is much less absorptive than 
Chromosorb P and is suited to handle oxygenated compounds and amines 


only after some additional treatment, but it is very friable and readily 


nmuifoo-no. 70: suptnitses ia ‘se oa aakp nod aad t tin 
-anauboo watt hqss “studut nsqe’ to sew ott ce a 


botbuse (8ee1) 2nsd bas we'll xqonzon fm sentoats pentanieoe gated. 9) 
~atioSssietn sastwe ‘vtaitd. Jer \ bite? “bap 10 a} been 20sogquewior eAt 
dthw 2efatmeg wefunst evowad to pahtateay, uF leuew, ekaheqnen ave 2913 
aoites Pismo? Ott, 26? baswqass (3301) neniga Vihisdes 925 Pte ita 
btfoe (w) atin fon tld (9) olnty pobeitigso: snanginss oF suaoti-a 10, i” 
notiesbudeb seuss ad (S2@r) tovpalod Yd bhwot 2oW Isogaie ied .dyoqaue — 


’ 


sfédoe .zlonoots wining boda 1ud sen 3 bos o Dow Yvette wtedvea, %0_ 
stom zsiild OF vldipvay 2dwads 4 bideabnrat’ yads. bw? (S80) Jonend baw 
pas nsffid .2o3t2 oafbnad-l oon 2sn tanyeT ay bg W drozomownld medd 
srioddnan-foldnam Yo uniteveqee silt nt tedd bewole (SNRA) nohesoe 
no besidqque asssdy biupt! deity bathe edhe Or: animes . 
evtials auhrefraaaeels eumitoo Gevorgnt \isnaoltingt2 sei. 9 dwo2ono Wd 
drezomodd pita 7 titaqed vsido af? W shozomow) no bevegen sek of 
bruot (eter) mistens220 craNgwol somufoa sit: to yah hteare idan 
oftdw .uibad (ies pam rits bts bavogiiys bassnapyno A ar 23 At 
pats avisqnogds. aes dou 3 W erozomyui? .f haw me 
eating brn eg bs Ero sthnst of vatiua eh, 
thea bn atéarh ee at 8h aud Inemtuend Lenn}: : 


a ff 7 y>. 


Bois 


fragments. The differences in adsorptive nature of the supports are due 
to surface area. Chromosorb P has 6-1/2 times the surface area per unit 
volume as Chromosorb W. In addition, their pH values differ: Chromosorb 
P has a value of 6.5 and Chromosorb W 8.5. The basic sites on Chromosorb 
W can cause tailing of acidic compounds such as aliphatic and aromatic 
carboxylic acids and phenols. Chromosorb P has acidic sites which can 
cause the tailing of basic compounds such as amines. Filbert and Hair 
(1969) found that the comparative increase in column efficiency is due 

to the higher surface area of the smaller-pore supports. The pore dia- 
meter ranges from 0.1 to 10.0 uw for P and from 2.0 to 20.0 u for 
Chromosorb W. A thinner liquid film on the support with smaller pores 
results in an increase in column performance. In addition the greater 
Surface area of the small pore support also enables effective distribu- 
tion of the liquid phase at high loadings. Desty et al. (1958) suggested 
that Chromosorb P is in general a superior support, although nearly 
equivalent performance can be expected from Chromosorb W at smaller 
particle sizes. 

The solid support is not inert and can interact with the oil con- 
stituents. The support effects include tailings and changes in retention 
times of the peaks (Ottenstein, 1963; Scholz and Brandt, 1962). In a few 
cases isomerization or dehydration (Ottenstein, 1963) and inversion of 
elution sequences (Scholz and Brandt, 1962) have also been observed. To 
reduce significantly the double bond isomerization of the terpenes 
Klouwen and Heide (1962) suggested the use of acid washed grade support. 
Ottenstein (1963, 1973) analyzed the chemical composition of solid sup- 
ports before and after acid treatment and found that acid washed 


Chromosorb P and W have lower contents of aluminum, iron, calcium and 
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alkali metal oxides due to the removal of impurities from the support 
surface. Similarly, Karger and Cooke (1964b) found that acid washing 
removes metal groups which may act as adsorption sites. 

The solid supports are partly deactivated by liquid phases 
(Scholz and Brandt, 1962; Ottenstein, 1963, 1973). The degree of deacti- 
vation depends on the extent to which the functional group of the liquid 
phase can form hydrogen bond with the silanol groups (Ottenstein, 1963, 
1973). Liquid phases containing OH or primary amine groups are very 
effective, while those with carbonyl] or ether groups are less effective. 

The particle size of the support affects the theoretical plate 
height of the column. As the size of the particle is reduced, the col- 
umn efficiency is increased. Thus an 80 to 100 mesh column exhibits 
three times the efficiency of a 30 to 35 mesh column (Nogare and Juvet, 
1966). Karger and Cooke (1964b) suggested that the resolution decreases 
with larger particles due to a capacity factor which decreases as the 
particle size increases. In addition, Nogare and Juvet (1966) found that 
the pressure drop increases roughly proportional to Vas where d repre- 
sents the effective diameter of the particle. Hence, a column packed 
with support consisting of small particles is efficient when operated at 


elevated pressure. 
3. Liquid Phase 


Many of the liquid phases have been used in analyses of essential 
oils. The phases used include glycol derivatives, esters, hydrocarbons 
arid silicons in decreasing order of preference, Of the glycol derivatives 
Carbowax 20M is preferred. Diacetate hexaisobutyrate (SAIB) am 1g the 


ester class and Apiezon L among the hydrocarbon class of liquid phases 
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are mostly preferred. Of the silicone liquid phases, Silicone DC-550 
is widely used. 

Zubyk and Conner (1960) established that didecy] phthalate is a 
non-selective liquid phase for the separation of terpene hydrocarbons 
which will be eluted in the order of their boiling points. Carbowax 
4000 shows some selective retention for unsaturated compounds with con- 
jugated double bonds. Furthermore, they found that other liquid phases 
such as mineral oil, tritolyl phosphate, Apiezon J and N, ethyl tetra- 
hydroadiebate, dihydroabietyl alcohol and an alkyl phenol-ethylene oxide 
adduct had no significant advantages over those two liquid phases. 
However, some samples of didecyl] phthalate were found to possess suffi- 
cient acidity to isomerize a- and g-pinene. Von Rudloff (1960) reported 
that polar packings such as ethylene glycol polyesters of succinic and 
phthalic acids give a separation of monoterpene hydrocarbons comparable 
to that of Carbowax 4000 and polyethylene glycol adipate. These liquid 
phases also efficiently separated the oxygenated terpenes because they 
are stable at temperature above 130°. In addition, squalene produced 
good resolution of monoterpene hydrocarbons and was found to be stable 
above 130°. Nonpolar and slightly polar liquid phases such as silicon 
oil, didecyl phthalate, poly (dimethyl siloxane) and Apiezons are other 
phases used to separate monoterpene hydrocarbons. As indicated by 
Burchfield and Storrs (1962) these separations are based on differences 


in the boiling points of these compounds. 


Oxygenated terpenes, especially those of the monoterpenoid class, 
were successfully separated on polar stationary phases which are stable 
between 130° and 160°. Among these phases are the polyesters of adipate 


and polyethylene glycol, and of succinate and ethylene glycol (Von Rudloff, 
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1960; Burchfield and Storrs, 1962). The succinate polyester of diethy- 
lene glucol and adipate polyester partially crosslinked with pentaery- 
thritol also produced good separation of oxygenated terpenes (Bernhard 
and Marr, 1960). Oxygenated monoterpenes were also well separated by 
the liquid phase of SAIB which was stable up to 200° (Smith et al., 
1960). The Apiezons and silicone oils are among the relatively nonpolar 
liquid phases which were also used to separate oxygenated monoterpenes 
such as linalool, nerol and geraniol (Cartoni and Liberti, 1960; Popjak 
and Cornforth, 1960). However, Datta and Susi (1962) were able to elute 
oxygenated monoterpenes in the order of their boiling points with the 
nonpolar phase, Dow Corning 710, but not on a polar phase consisting of 
polyethylene glycol adipate. Similarly, Von Rudloff (1960) had shown 
that a- and g-eudesmol are only partially separated on polyethylene gly- 
col adipate and ethylene glycol succinate but not on silicone oil used 
as a nonpolar phase. The menthol isomers are also well separated on 
Silicone oil, and with di-n-decylphthalate as a polar phase separation 
has been achieved for three of these isomers (Petrowitz et al., 1960). 
Similarly, at a column temperature of 160°, three menthol stereoisomers 
have been separated on Carbowax 4000 (Tagaki and Mitsui, 1960). Among 
several liquid phases evaluated Carbowax 4000 on Chromosorb P gave the 
best overall separation for menthol-menthone stereoisomers (Gillen and 
Scanlon, 1972). Contrary to this, alcohol-amine phases such as Teed 

and Quadrol showed a tendency of coalescing and broadening 

indicating an on-column reaction which, as found by Van Swaay (1969), 
involves mostly enolization. Generally, polar liquid phases give better 


separations of aliphatic and cyclic monoterpene alcohols. These liquid 


Ob 


-yiterb to vetesyfoq 
~erasineg Attw badatieeor ¥ = : 
brsitrria8) eonoqres b wang : 


ef batersqaz Maw offs aay esasqys (over eM brs 
dete Adit) “00S ot sii wh - 
veloqnon yfovtdeley sit oitine 976 atte’ SmosPT Fa! bis enosvrgh edt! . (Oaer 
zenaqresonom batenegyxo, sbs1sgez 03 eau gate srw aattw zoeeae BhiptT 
apkqo’ {0007 ,tixedhl baw Mootsd) formstsg bas Torr . loufanth ew dalle 
stute of afm anew (S00f) teu2 baw ested veveldH -l0a0T riavehMnNed bis 
oie actiw 2fnioq oarf ted ted? To satrto ait at esnoquetonom batsmspyxo 
Yo priteranos sendgiasfoq 6 JoNlddd LOIN gM tad woth ,azeeq veroqnon 
rio bet (OS8() Holbed ool LyMverhnt2 “ated the foxee enatydtagtog 
-ylp anetydteyleq no botarsqee \fistiisq ying Sie [omeabussd GWs Pe font 
baci (fo shoabtrs wo ton Jud al earoouve Foolo anelydtie fre sipatee foo 
io botesace Plaw o2te ove svaneer Poltraw aft? Jevrte sfoqngn 6 26 
notddrsqae seelycisfog 6 ab sdbPettigivadbh-n-rb dgiw bas ,/ to snoot fhe 
(oaer y te te stivawes) viainet seand To owt? 04 vevettse mead det ~ 
aramoctosiate forddaut os .°0OF te wudeyvoomst mwlos 6 te . fel tAe 
promi (O80) . ued brs Piaget) COUP wewodyed io bsdirmgee need Sved 
of) oven 9 dweomonm) no 100d xewodys) batav have 2ozera bruprt fstsvee 
tas meltid) zrswortos ede snnddnen-Tottetn yet mtieveqse [fevevo feed = 
best cs fue ebesta vathesfuttoats etd of Ynarened §«.{SIOT ~nefnace 
onivebsord bra purseafnos to yanshner 5 bewode Tovbeup bre 
« (88T ) ybawe isY \ bmuo® es .otdw ngidseey pmutloo-ng ve entisotbat 
 atted sviy eszedg bhinhh vnlog .YfTovene? .nortext fone xi seom aayiovme 
biuptt szedT -2Foitos(s.eqaqvSlonay aftayo bas ot2edgtts to-enottersgae 


tials ~~ ee 


41. 
phases also give good separations of aldehydes and ketones. Further- 
more, as found by Cartoni and Liberti (1960), linalyl and gerany] acetates 
can also be separated by these phases. 

Breckler and Betts (1970) studied the relative retention time 
changes of some essential oi] constituents with temperature using three 
stationary phases; silicone oil (SE-30),a nonpolar phase, diethylene gly- 
col succinate-polymer (DEGS), a slightly polar electron-donor phase, and 
Carbowax 20M a more polar electron-acceptor liquid phase. For most of 
the slightly polar substances such as citral or anethole, the retention 
times relative to linalool are greatest on DEGS, showing that their pola- 
rity is best matched by the DEGS polarity. Most of the terpenoid alcohols 
had the greatest retention times on Carbowax 20M, while the relative re- 
tention times of terpenoid carbonyls and substituted aromatic compounds 
were greater on DEGS than on Carbowax 20M. From the data on relative 
retention times it was also concluded that the nonpolar column SE-30 is 
best suited for terpene hydrocarbons and 1,8-cineol. Finally, the 
authors concluded that according to the polarity match principle, terpene 
hydrocarbon and ester containing oils should be chromatographed on non- 
polar columns, terpene alcohol containing oils on polar columns, and oils 
with terpene carbonyls or aromatics on slightly polar ester columns. 
However, as the essential oils are mostly complex mixtures, one type of 
column is unlikely to produce the best overall separation of all the com- 
ponents. Because of the above finding, Humphrey (1970) suggested the 
use of nonpolar columns for nonpolar oils and vice versa. Thus, Apiezon 
L and methyl- or phenyl silicone oils were suitable for pepper, ginger 
and celery oils, but were less suitable for oils containing large quanti- 


ties of oxygenated constituents, particularly alcohols, due to excessive 
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tailing on pure Apiezon L. The tailing could be eliminated by adding 
a small quantity of free fatty acids to the Apiezon L without affecting 
either the order of elution or the retention time. However, free fatty 
acids have a deleterious effect on aldehyde constituents at temperatures 
above 150°. Among the polar columns, Carbowax 20M, which has intermedi- 
ate polarity, gave good separation for all essential oils. In addition, 
it was found to be thermally stable up to 250°, not prone to ester inter- 
change reactions and constant in performance. When Carbowax 20M is used 


at 250° the least volatile oil constituent will readily be eluted. 


4, Liquid Phase Loading 

The amount of liquid phase loading also can affect the retention 
time, and separation efficiency of the column. Martin (1961) observed 
that the elution order from columns containing polar liquid phases varies 
with the ratio of liquid phase to solid support, with the surface area 
of the support and, to a lesser extent, with temperature. At lower 
liquid loadings the operation can be carried out at a lower temperature 
without losing the separating power of the column (Frederick et al., 
1962). However, Sawyer and Barr (1962) observed that in many cases a 
low loaded siliconized Chromosorb W column is more efficient than a 
siliconized Chromosorb P column. Frederick et al. (1962) were able to 
prepare columns of high efficiency with a lightly loaded liquid phase 
on glass beads and Chromosorb P. They also found that, under the con- 
ditions studied, the efficiency of a Chromosorb W column deteriorates 
as the amount of liquid phase decreases. 

Scholz and Brandt (1962) observed that the retention volume in- 


creases almost linearly with the amount of liquid phase for all solutes 


ae . NPR Ae 


»hotrtbbe nl .afio Perariseas Tis vrinaaaiolaroe owe orton 868 
yeint vades*od enove don .°08S of gu otiinbe: xi trimers art.od bnuot eow tt 
beey 2t MOS xewodied nodW vagdemmomag, Of tnedengo hos enobosey sensed 
patuta ‘sd al ibeay ( {tw snout senso The afitsfou yeeot sit “OBS te. 
ontbeod east? brupty a 


nofindas etd Js0rra nso cal & Bilbao! seed, prupe! to Tavome anT 
bovideda (feet) “hits eae +p wnatahts noizeveqs? bre omit 

egfisy eueanta yh upty 16/00 eainteynoa annul Oo mont teh nohttSs ott tsi 7 : 

sane aaetrua afd ndiW vinoguue bifoe-es saanq brypTl %0 onset id idtw 

aus! 3A cotudensonat! Atty’ snedNe yeast 6.0) , dns TOMBE “ett FO 

arwheteqnad ‘towol & ta Quo base od Nes worteyoqo edt zgnfbkot bhuptt 

¢ LB de) Aoi rotient) nemtoo Sits “Te awoR potieisqee add pafaoh tuorstw 

g aves. Winitint ade bayaeeda (SaCT) mat: bre veyeee , TaVeWON . (set 

g ete dnstotite exon ot amilos ¥ dyaaqmeyt bexiwoaitte bebsof wat : 

of stds suaw (380P) he geulgtyaber) - dwloo 9 rivacomentd has bimot tte | 

sigdg btiptt abso! yi stpryl 6 dst vorgioltia iptil to eamloo eqetg | 

-hoo siy webu .d8iN baa? Geta vad? .4 degeoihord? ‘baa eBead zesty nO 

eheendtayeh AmiToo W MickommId « Jo Wonetot tte sd -bethore anorsth 

‘each sang beupM Yo Shon ade 

ie a aitingtor-add Saft! bewyezda. (SORE) Sbiiend bine aaah ie 


Loe Te a ee att eer a — 
tA A ae oie anes 


., 46) eh - at 


43. 
except alcohols. Ottenstein (1963) and Humphrey (1970) found that there 
is no such linear relationship between the amount of liquid loading and 
retention volume. The increase in retention becomes less as the loading 
increases. On the other hand, the adsorptive effect of solid support 
depends on the amount of liquid phase. As the amount of the phase is 
decreased the adsorption effect becomes more noticeable. This effect is 
greater with Chromosorb P than Chromosorb W when relatively nonpolar 
liquid phases are used (Ottenstein, 1963). Thus, Chromosorb P, which 
has a smaller pore diameter range (0.1 to 10.0 u) and a larger surface 
area, has a more effective distribution at high loadings (Filbert and 
Hair, 1969). It was also observed that high loadings give good separa- 
tion efficiency and an increase in column overall capacity. As the 
amount of loading increased up to 15%, the tailing of the peaks was 
reduced. Further increase of loading had detrimental effect on column 


performance (Ottenstein, 1973). 
5. Column Conditions 


Gerrard et al. (1960) and Keller et al. (1962) have shown that 
heating at a high temperature for a prolonged period tends to degrade 
the stationary phase and to increase the phase volatility. As a result, 
there is a change in the performance of the column. Chen and Gacke 
(1964) observed that high temperature causes a loss in polarity of the 
column and that this loss is more pronounced for polar than nonpolar 
stationary phases. Apiezon L, a relatively nonpolar stationary phase, 
develops a slight polarity due to a certain degree of oxidation during 
its use (Humphrey, 1970). On the other hand, no deterioration of per- 


formance of Carbowax 400 was found when the column was used for weeks at 
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25° above the recommended temperature of 125° (Gillen and Scanlon, 1972). 
Generally, chemical and physical changes of the liquid phases are most 
marked at the inlet end of the column (Keller et al., 1962). This is due 
to the high temperature of the injection port and to the injection of 
impurities and other reactive substances into the colum. As stated by 
the same authors, chemical changes in the liquid phase can be caused by 
impurities of the carrier gas, particularly oxygen, non-volatile impuri- 
ties in the partitioning liquid such as the Ht ion, catalytic reaction 
with the support, catalytic reaction with degradation products arising 
from the liquid phase, and by a further condensation of the polymeric 
liquid phase. 

Martin (1961, 1963) observed that as the amount of liquid phase 
changes, the elution order from a column might also change. This was 
ascribed to the adsorption of the constituents both on the liquid phase 
and solid support. The effect was more pronounced when the liquid phase 
was highly polar, surface area of the support was high, and when liquid 


phase loading and the temperature were low. 
6. Sample Size 


Scholz and Brandt (1962) showed that sample size affects the re- 
tention volume but has little or no effect when either Chromosorb W 
coated with a liquid phase or Chromosorb P coated with Carbowax 400 are 
used. In addition large sample size was found to broaden individual 
peaks and increase retention time (Nogare and Juvet, 1966). The sample 
size to be injected also depends on the size of the column. VandenHeuvel 
and Kuron (1969) have shown that there is no difference in column per- 


formance between narrow (I.D. 4 mm) and wide columns (I.D. 117 mm) when 


eee e a. andi 
-bwwant of Pelav-nom .nggyxe YPehatag agen sehrtsa ait to 20tatrugat 
rottaass stdylstes .not *H alt 26 Howe btuptl eninotyteteg eft mb oeht 
pnteits etsubow netisbs wed dytwinotiasey atgyissss Proquue eg stw - 
stremelog add to nottsenstros i910) 6 vd sin -seadg bluphl add mort 

| seedy, btoptt 


: 
a 
szetg biupt! %o tayoms sd es tad? bavisede.. (eaer oer) «fret 7 
cow eT copneita wets trdhy ania amoyh (eho no)tula aay <9. 
seatig brup?) ort? no Hited efanurteends SAt Fo Hetdqtocks std of bodrasen 
szoig brupit sdt pertw booming oton ctw dostte etl =. dnogqua bilo2 bis” 
biuprf modw bas pipid zew saquMe eit to 5875 sow ine .tafeq vfrighd 2nW 


wot syow swuitersqmad ont bos enbbsof oesig a 


gsi2 ofome2. .2 ., 
“oy att eines exe slqmee Yent bowots (S82P) Ibnerd den shedse - 
W dxoeomow!d voldte rat togte on vo Saget 2nd Sud emufov nobsass 
978 OOM xswod1s) AItw bsta92 4 drovomowid to seaig hrupht 6 Adtw badedo 
Taubivibnt. nebsord of tinuot cow ante olamee sorel nofarbpe al beau 
Gignac ent (2000 ,dovul ban erwyoil) ent? nobinaden e2usront bis esq . 
peeeee mutas oft 2 sxta sia haga ofa aetantat eat eae, 


45. 
small quantities of sample are analyzed. With larger quantities the 
performance of the wide columns is superior. Increase in sample size 
caused a considerable decrease in the observed theoretical plate value. 
With a 100 ug injection the smaller columns were overloaded as shown by 
distorted peak geometry. This overloading was also observed in wider 
columns when a 500 ug sample was used. 

Recently, Harris (1973) also demonstrated that even with thorough 
control of the column conditions, the retention times vary with large 
sample size. The maximum sample volume recommended varied with different 
compounds and it generally increased with the components with higher re- 
tention times. The sample size also depended on the initial but noton 
the programmed temperature. Thus, a larger sample size could be injected 
when the initial temperature was low. However, when a larger sample is 
used and the inlet temperature of the column is low, the higher hydro- 
carbons are retained so strongly at the inlet that broadening of peaks 
can occur. Also, with the large sample, the major components tend to 
influence the movement of the minor components near to them. Those 
constituents that are more strongly retained than the major component 
are more affected than those that are less strongly retained. This 
results in a chromatogram with peaks tending to group together more 
closely in the region of a major component, hence, the resolution of 


these peaks will be poorer. 
7. Injection Temperature 


Injection temperature is important because it should be high 
enough to evaporate the essential oil constituents immediately following 


the sample injection and not high enough to cause thermal decomposition 


agora dstw nove 9509 preeren | 1 Gow 
pvt ditw wis sanhy naitnsiot at <enotstbneg mateo ai to 
dnarsttih nttw harvey bebinemegsey cutee afainee innit xen enT tie ae 
<a -vetiptd dd iw ateanoamon any. iitiw hessarant YP feronep tt be 
fovon: dud Usttiot ofa no Eobnsdeb cele ssfe pt eytee sit penis natines 
batoaint sd bluse ast stqner” aopnet 6.2087 autersqiie? asinerearg oft 
at gf aiipe boii 5 nisi ot at «WOT 26 stuseroqnet Tardiat eff + ned 
eabuyh yalteda ‘ofis’ .wor' 2h hlutoa lettre. sxuhienstued daha ets bas beew 
2gaq 70 patnsbannd saad tofar oft te ylonowse oe bawleden ote 2nodtse 


os boat adanodie? tolem odd ,stamez episl ang’ N32 tw eoeTA © .mup00 69 
adonT madd od wen 2tnaanqmod “sontm oft To srsmovem aft someuT int 
snanomacs wien add sont Hanhatsn vipnovt2 aon si6 Sent stiews Hen 
tit .beatador yfodovte ezef ons dnt azodd nant betoe}te 970m S15 
arom aoitepod aquotp oF parhna? eden rr men remot? s unt 2dtuesy 
to notaufozen and ans .Jascdiqnas Yolen s 1 notger ond mt vieeols 
varvong 94 if hw, eased seed 

srutersqnal nol taotat Py tl 

deta ed bived2 dt Sztisogd tree yoqmt 2t suse weed notdsetat v 
ontwor Fo? rane bow stnauttiencs tte Tortnaaes at otiteqays: can 
Sisbebamsed lolriddd 33062 of Ipdars dtd con brie RORaabnl a 


a 


46. 


of the constituents. Day and Miller (1962) found that an injection tem- 
perature of 205° caused decomposition of a-terpineol and linalool, but 
no decomposition was observed at 100°. However, other studies showed 
that injection temperatures of 216° and 275° (Datta and Susi, 1962; 
Mitzner, 1964) do not cause decomposition of a-terpineol. Therefore, 
the decomposition of oil constituents can be attributed to overheating 
of the injection port end of the column, to inaccurate temperature re- 
cording, to an abnormal hot spot in the injector and, finally, to a 
possible accumulation of acidic compounds in the injector port (Mitzner, 
1964). In agreement with the latter, Day and Miller (1964) established 
that ae decomposition of a-terpineol could have been due to the organic 
acids present in the flavor concentrate. In addition, as found by 
Mitzner (1964), compounds such as organic chlorides and conjugated 


tertiary esters are thermally unstable. 
8. Temperature Programming 


The essential oils contain many constituents with a wide range 
of boiling points; in peppermint oi] the boiling point of a-pinene is 
157° and of piperitone 233°; in anise oil the boiling point of eugenol 
is 253°. Thus in the analysis of these essential oils it is necessary 
to separate the constituents under temperature programming. When the 
boiling point of the oil constituent is lower than the temperature of 
isothermal chromatography, the constituent is eluted quickly with a 
narrow peak which can not be measured precisely and there is also a ser- 
ious loss of resolution. On the other hand, the component with a boiling 
point higher than column temperature is eluted after a longer time with 


a broad and low peak which can be measured with low precision and with a 
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poor detection limit. In temperature programming the lower boiling 
point components will emerge earlier as if the column is operated at 
relatively low isothermal temperature and higher boiling components 
will be bunched up by the increasing temperature and will emerge with 
Sharper peaks. As a result an extremely wide boiling range of compo- 
nents can be separated in less time, with sharper and more uniform shaped 
peaks. 

Harris and Habgood (1966) suggested that temperature programming 
is advantageous when the boiling point range of the constituents is 50°, 
and that the usefulness of such programming increases as the boiling 
range is greater. Further, by comparing the precision of peak area mea- 
surement in isothermal and temperature programming chromatography, they 
found that the precision varies with retention time in isothermal but 
is constant in temperature programming chromatography. 

The initial temperature should be based on the vapor pressures 
of the most volatile components in the sample. For a packed column, the 
initial temperature may not be much below the boiling point of the most 
volatile component (Harris and Habgood, 1966). In general, the starting 
temperature is between 50° and 75° (Humphrey, 1970). The terminal tem- 
perature in a packed column should be approximately equal to the boiling 
point of the least volatile component, but other factors, such as tempera- 
ture stability of the stationary liquid phase of the components themselves, 
may determine this upper limit (Harris and Habgood, 1966). 

The heating rate should be inversely proportional to the total 
number of constituents (Harris and Habgood, 1966). From their chart of 
frequency of heating rate used in Programmed Temperature Gas Chromato- 


graphy up to the end of 1963, it was concluded that the rate 1° to 3°/min, 
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3° to 5°/min and 5° to 10°/min were most frequently used. The average 
value was a rate of 3.5°/min, and rates of more than 10°/min were rarely 
applied. For analysis of essential oils Humphrey (1970) reported that 
the choice of program rate should be governed by the type of resolution 


required and that it lies between 1° and 5°/min. 


9. Coupling of Gas-Liquid Chromatography - Mass 


Spectrometer for Qualitative Analysis 


Perry (1967) stated that GLC - Mass Spectrometer analysis provides 
more specific structural information about organic molecules than any 
other single technique and gives excellent mass spectra with only micro- 
gram quantities of pure substance. As Teranishi et al. (1971) pointed 
out, the principal advantage of the GLC - Mass Spectrometer technique is 
its convenience. There is no loss or contamination of sample as usually 
happens with the trapping of emerging peaks. The component separated by 
GLC enters into the Mass Spectrometer ion source compartment at its maxi- 
mum purity. Many spectra can be obtained from individual peaks as they 
emerge from the column. The information obtained from spectra scanned 
at the beginning, middle and end of the peak helps in the detection and 
identification of incompletely resolved components. 

One problem which arises from this technique is the presence of 
column bleed in trapped gas chromatographic fractions (Perry, 1967; 
Teranishi et al., 1971). The longer the trapping time, the greater will 
be the contamination of the sample by the liquid phase. The higher the 
temperature in the temperature programmed GLC, the greater will be the 
bleeding of the column. Therefore, the same authors suggested the use of 


less volatile silicones to reduce this bleeding. 
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10. Identification of the Components 


A comprehensive review of methods for identification of compon- 
ents separated by GLC is given by Perry (1967). Peak identification 
can be done purely by gas chromatography using retention time, prediction 
of retention time and by a multi-column system. The peak identification 
can also be carried out by chemical modifications of the sample such as 
in a subtractive method, peak shifting techniques, catalytic conversion, 
pyrolysis and other chemical methods, e.g., coulometric reactions or the 
appearance of a precipitate or color. The identities of the peaks can 
be further elucidated by auxillary qualitative detectors such as used in 
ultraviolet spectrometry, infrared spectrometry and mass spectrometry. 
Arakelyan and Sakodynskii (1971) reviewed the methods of peak identifi- 
cation using only gas chromatography. They emphasized that the compari- 
son of retention times obtained with one column under similar conditions 


only allows the identification of already known substances. 
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TIT. MATERIALS AND METHODS 


Herbs and Oils 


The essential oil samples distilled at the Alberta Horticultural 
Research Centre, Brooks, were anise seed oi1--1971 and 1972 crops, cara- 
way seed o0i1--1971 crop, dill seed oil (two common dill samples and one 
Danish dill sample)--1971 crop, fennel seed oi1--1971 and 1972 crops, 
peppermint oil (black or English mint)--1970 crop (harvested at five 
stages of growth: bud stage, beginning of blooming, 75% blooming, full 
blooming and end of blooming), and sage oil--1971 and 1972 crops. Two 
samples were obtained from Beaverlodge, Alberta. The quality of Alberta 
oils was compared with that of some world market oils, namely anise seed, 
caraway seed, standard and prime dill herb and sage oils from Kalsec Int., 
Kalamazoo, Michigan, fennel oil from Fritzsche, New York, and Michigan 
peppermint oil from Hotchkiss, Lyons, New York. 

The data for Brooks on harvesting, sample preparation, distilla- 
tion and yield of the 1970 peppermint herb trial are given in Table 1, 
herbs and spices 1971 trials in Table 2, and herbs and spices 1972 trials 
in Table 3. The weather data for 1971 are given in Table 4 and for 1972 


in Table 5. The data on soil analyses are given in Table 6. 
Chemicals 


Anise acetone (> 99.0%), anisic aldehyde (ex anethole, >98.0%, 
ie 1.571-1.573), borneol (m.p. 200°-204°), bornyl acetate (crystal, 
laevo 598.0%, ne 1.461-1.464), D-camphor (DAB VII, 596.0%, m.p. 170°), 
D-carvone (pure from caraway oi1, >95.0%, un 1.496-1.500, [oly +58 to 


+60), 1,8-cineol (eucalyptol, >97.5%, nt 1.455-1.460), eugenol (ex 
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Clove oi1, n2° 1.540-1.542), limonene (pure, n20 1.471-1.474, [a]@0 + 


to +104), linalool (599.0%, "D 


nee 


1.460-1.465), linalyl acetate (>98.0%, 


20 
D 


a [al? i -14 to -21) were supplied by Haarmann & Reimer Gmbh. , 
20 


1.448-1. “inter a-pinene Cn 1.462-1.470) and g-pinene (n 1.472- 


Holzminden, W. Germany. 4-Allylanisol (estragole, >98.0%, ND 1.5193), 


trans-anethole purum, USP cir 


20 


125614 emia o=cs, beet alcohol 
(Mebee2 3, 250 5 np J: 54420), pervagn acid (zone refined, >99.9%, m.p. 


183.05°), L-borneol (m.p. 208°, ra . -35.3), camphene ( 80.0% m.p. 44°- 


48°), p-cresol (99.0%, m.p. 32°-34°), p-cymene (99.0%, m.p. 73°, ny 
1.4897), dipentene (tech., n@° 1.4739), farnesol (595.0%, "oD 1.4889), 


D 
menthol (99.0%, m.p. 28°-30°), L-menthol (m.p. 43°-45° fo]? : -50), 
menthone bins 1.4510), myrcene (tech., ny 1.4715), and vanillin (99.0%, 
m.p. 81°-83°) were obtained from Aldrich Chem. Co. Inc., Milwaukee, 
Wisconsin. 

(-)-Fenchone (pract.=95.0%), (+)-fenchone (purum >98.0%, nig 
1.463, [age +7523), (-)-limonene (98.0%, [a]e4 -135 5), 3-octanol 


20 1.424), a-phellandrene (tech., 50.0% a-phellandrene, 


(purum 97%, nD 
12-15% she Saree 15-20% p-cymol), (+)-pulegone (purum 96.0% [oleae 
+29 1) and a-, g-thujone (tech.) were from Fluka AG., Buchs, Switzerland. 
Apiol (95-99%), iso-borneol (95-99%), g-caryophyllene (tech.=90.0%), 
iso-borny] acetate (95-99%), dihydrocarveol (95-99%), dihydrocarvey] 
acetate (95-99%), isomenthone (95-99%), DL-menthone (95-99%), menthy] 
acetate (95-99%), a-phellandrene (95-99%), piperitone (95-99%), and 
a-terpineol (95-99%) were obtained from K & K Labs. Inc. Plainview, 

New York. Menthofuran (b.p. 86°-87°/15 mm), and 2', 7'-dichlorof luores- 


cein (598.0%) were from Eastman Org. Chem. Rochester, New York. Vanillin 


(refined - U.S.P.) was obtained from Merck (Merck AG. Darmstadt, Germany). 
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60. 
Column packing, 15% EGS (ethylene glycol succinate polymer) on Chromo- 
sorb P, AW, 100/120 mesh, was from Chromatographic Specialties, 
Brockville, Ontario. Kieselgel N, without binder, was obtained from 
Macherey Nagel & Co., Duren, W. Germany. 

Tsomenthol and neoisomenthol were synthesized by us from isomen- 
thone, carveol from carvone, and neomenthol from menthone, using aluminum 
isopropoxide and applying the Meerwein - Ponndorf - Verley reduction 
procedure. Neomenthyl acetate, neoisomenthy] acetate and terpinyl acetate 
were also prepared by us, by refluxing neomenthol, neoisomenthol and 
terpineol respectively in xylene with glacial acetic acid, acetic anhy- 


dride, and fused sodium acetate. 


Syntheses of Neomenthol, Neoisomenthol and 
Carveol by Meerwein - Ponndorf - Verley Reaction 

A solution of 20 g aluminum isopropoxide in 100 ml dry isopropy1 
alcohol was placed in a 250 ml round bottomed flask, then 15 ml of the 
ketone (menthone, isomenthone or carvone) was added, and the flask was 
fitted with a modified Hahn (air-type) condenser. The mixture was heated 
to a distillate drop rate of 5 to 10 drops/min. When two successive 
tests, about 10 min apart, gave no precipitation with 2,4-dinitrophenyl- 
hydrazine reagent within 30 seconds, the run was stopped. The bulk of 
the isopropyl alcohol was removed under reduced pressure. The residue 
was cooled in ice, and cold dilute HC1 (35 ml HC1:175 ml H90) was added 
slowly, shaking the flask content. The alcohol obtained was extracted 
with benzene, the extract was then washed with a further portion of the 
cold acid, then with water, and finally dried over anhydrous NagS0Oq. The 


bulk of the benzene was distilled off, and the alcohol was collected. 
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61. 


Syntheses of Neomenthyl-, Neoisomenthyl- 


and Terpinyl-acetates 


A solution of 5 g of the alcohol and 100 ml of xylene was placed 
in a 250 ml round bottomed flask; 40 g acetic anhydride and 3 g of fused 
anhydrous sodium acetate were added and the mixture was refluxed for 
about 6 h. After cooling, 50 ml of distilled water was added and the 
mixture was additionally heated for 30 min. The water layer was removed, 
and the xylene-acetate mixture was washed once with 50 ml of hot dis- 
tilled water, and then dried over anhydrous sodium sulphate. The solu- 
tion was filtered, and the xylene was distilled off. The residue (the 


acetate) was collected. 


Equipment 


Thin-layer chromatography equipment used was from Shandon 
Scientific Co., Ltd., London, U.K. Infrared spectra were recorded by 
using: 1) a model 21 spectrophotometer, The Perkin-Elmer Corp., Norwalk, 
Connecticut, and 2) an I.R. 20 Infrared spectrophotometer, Beckman 
Instrument Inc., California. The KBr pellets were made with RIIK equip- 
ment, Research Industrial Instrument Co., London, U.K. The centrifuge 
was a model SS-1 Superspeed Angle Centrifuge, Ivan Sorvall Co., Inc., 
Newtown, Connecticut. Gas chromatography equipment used was: 1) a model 
2500, Bendix Instruments Div., Ronceverte, W.Va., and 2) a Series 1400, 
Varian Aerograph, Walnut Creek, California. The Varian Aerograph, Series 
1400 was coupled with an MS 12 mass spectrometer, produced by Associated 
Electrical Industry, Manchester, U.K. The preparative plates were viewed 
with a short-wave ultra-violet 'minerallight' model SL 2537, Ultra-Violet 


Product Inc., South Passadina, California. 
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62. 
Methods 


A. Thin-Layer Chromatography 


A slurry of 25 g of MN-Kieselgel N (without binder) and 60 ml 
of water was spread on five 20 x 20 cm plates, at a thickness of 300 u. 
The plates were dried at room temperature for 1 h, and then activated 
at 110° for 1-1/2 h. After cooling to room temperature in a dessicator 


the plates were ready for use. 
1. Qualitative Thin-Layer Chromatography 


The essential oi] and its associated standards were spotted 
1-1/2 cm from the bottom of the plates. The essential oil and standards 
in liquid form were spotted neat, while solid standards were dissolved 
at high concentration in ethyl acetate. The plates were developed for 
about 40 min with a solvent system of benzene:ethyl acetate (95:5 v/v). 

Spots were visualized by spraying with a solution of 1% vanillin 
in concentrated sulphuric acid and then heating at 105° for 10 min. The 
Rf values and the colors of the spots from essential oils were used to 


determine the identity of the components. 
2. Preparative Thin-Layer Chromatography 


A similar procedure as described above was followed, but in this 
preparative TLC, a strip of neat essential oi] was spread on the plate. 
After visualization, the bands of the components were traced on trans- 
parent paper for future localization of the bands. In addition, several 
plates were sprayed with 0.5% of 2,/-dichlorofluorescein in ethyl acetate 
saturated with water. The bands were viewed under UV light. Not all the 


bands could be seen under such light, but with the help of the tracing 
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63. 
made earlier, all the bands could be allocated. The bands eve then 
scraped from the plate and the components from the adsorbent were ex- 
tracted by vigorous shaking in ethyl acetate. The mixture was then 
centrifuged at 7,000 x g for 10 min and the supernatant obtained was 
decanted and concentrated in a stream of pure No (purity 99.8%). Two 
or three preparative plates were necessary to obtain sufficient quantity 
of the components for further analysis. The identity of the components 
was established by coinjection into a GLC with 0.1 ul of the original 


sample of essential oil. 


B. Gas-Liquid Chromatography 


1. Quantitative Gas-Liquid Chromatography 


A volume of 1 ul of the essential oil was injected into a GLC 
fitted with two 6 ft x 1/8" I.D. glass columns packed with 15% of EGS 
polymer on Chromosorb P, AW, with particle size of 100/120 mesh. The 
operating conditions for peppermint oil were: injection temperature 
220°, detector temperature 240°, No carrier gas flow rate 30 ml/min, 
column temperature programmed from 60° to 150° at 1°/min, Amps full 
scale sensitivity 2 x 10-8 and chart speed 20 cm/h. The operating con- 
ditions for anise, caraway, dill, fennel and sage oils were as above ex- 
cept that the N2 gas flow rate was 60 ml/min, column temperature pro- 
grammed from 50° to 195° at 4°/min and chart speed 60 cm/h. For anise 
and sage oils it was necessary to hold the maximum temperature for 15 
to 30 min to get the final peak. Quantitation of the individual peaks was 


done by triangulation technique with an accuracy equal or better than 0.5%. 
2. Qualitative Gas-Liquid Chromatography 


Each standard compound was dissolved in ethyl acetate and co- 
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64. 
injected with 0.1 ul of the essential oil on the 'fresh' and ‘aged! 
columns. The fresh columns were those which were freshly prepared while 


the aged columns were those which had been used for quite some time. 


C. Infrared Spectral Analysis 


The IR spectra of the essential oils and reference compounds in 
liquid form were recorded neat between two NaCl plates. The operating 
conditions of the P-E model 21 were: resolution 927, response 2, gain 6, 
speed 4, auto suppression 0, filter auto, and scale 5000 to 650 cm-]. 

The spectra for solid compounds were obtained from the Beckman 20 instru- 
ment using KBr pellets, containing about 10% of the component. The 
operating conditions ene, Scan speed 240 cm-!/min, period 2, gain 5, 


balance 0, and scale 4000 to 600 cm7!, 


D. Mass Spectral Analysis 

A volume of 0.3 ul of the essential oil was injected into a 
Varian 1400 GLC fitted with a coiled stainless steel column 6 ft x 3/16" 
I.D., packed with 15% EGS polymer on Chromosorb P, AW, 100/120 mesh. 
This GLC was coupled with an MS 12 mass spectrometer. The major peaks 
were scanned. The GLC operating conditions were: He carrier gas flow 
rate 70 ml/min, chart speed 1 cm/min, and column temperature programmed 
from 50° to 195° at 4°/min. Mass spectrometer operating conditions were: 
magnetic coil 2, Ws (width of the source slit) 0.004", Wc (width of 
collection) 0.004", magnetic range 5, decrease speed 10, band width 
1000 Hz, chart speed 6"/sec, trap current 100 yA and multiplier 310. 
The liquid standards were run under similar conditions, while solid 
standards were run by direct probe with electron voltage of 70 and 


source temperature of 115°. 
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IV. RESULTS AND DISCUSSION 


A. Thin-Layer Chromatography - General Observations 


The overall TLC separation of the essential oil components 
based on the functional groups is illustrated in Fig. 1. Most of the 
spots of essential oi] components with hydroxyl] (0H) groups were found 
between Rf values of 0.12 and 0.29; carbonyl (CO) groups between Rf 
values of 0.29 and 0.47; acetate (OCOCH3) group between Rf values of 
0.47 and 0.59; ether (COC) groups between Rf values of 0.59 and 0.66; 
and hydrocarbons between Rf values of 0.66 and 0.73. The Rf values 
between 0.00 and 0.12 were most probably the region of the components 
having carboxy] (COOH) or polyhydroxy] groups. For instance, the Rf 
value of p-anisic acid was 0.02. 

With the solvent system and adsorbent used in this study, the 
adsorption affinity of the functional groups increased in the following 
sequences, CH3, COC, OCOCH3, CO, OH and COOH. This is in accordance 
with the results obtained by Brockmann and Volpers (1949) and Stahl (1969). 
The sequence of the TLC separation depends on the polarity of the func- 
tional groups. The difference in Rf values of constituents having the 
same functional group is due to the difference in the configuration, the 
presence and the number of double bonds. Among the 011] constituents having 
OH groups, borneol was found to be more polar than linalool. Borneol 
is a secondary alcohol whereas linalool is a tertiary alcohol. In addi- 
tion, the OH group in linalool is adjacent to a methyl group which 


imparts a steric hindrance to the polarity of the OH group. 
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Fig. 1. Relationship of Rf Values and Functional Groups of Essential 
Oil Constituents. 


Adsorbent layer: 300 u of MN-Kieselgel N (Macherey Nagel & Co) 
Solvent system: benzene-ethylacetate, 95:5 v/v. 

Spot detection: spraying 1% vanillin in conc. sulfuric acid 
and heating in oven at 105° for 10 min. 

Volume of pure oil applied: 1 yl. 
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ty § 


Borneo] Linalool 


Of the ketone constituents, piperitone was found to be more 
polar than fenchone. Piperitone has a carbonyl group and a double bond 


conjugated with CO whereas fenchone has only CO group. Further, the CO 


Piperitone Fenchone 


group in fenchone is located between a methyl] and a gem-dimethyl 
group which causes a steric hindrance to the polarity of CO. 

Among the acetate constituents, bornyl acetate was found to be 
more polar than isobornyl acetate. The difference between the two 


constituents is in the position of the OCOCH3 group. Bornyl acetate 
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has an axial OCOCH3 group whereas isobornyl acetate has an equatorial 


- OCOCH3 
OCOCH3 H 


Borny] acetate Isobornyl acetate 


OCOCH3 group. The steric hindrance of the methyl and gem-dimethy] 
groups on the polarity of OCOCH3 group is greater in isobornyl acetate 
than in bornyl acetate. 

Of the ether constituents, trans-anethole was found to be more 


polar than menthofuran. Trans-anethole is a benzene derivative with a 


H. -CH3 
C=C, 
SOs 
| OCH 3 
Menthofuran trans-Anethole 


methoxy group (OCH3) and a double bond whereas menthofuran is an ether 


with two double bonds. Of interest is 1,8-cineol which is also an ether 
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but its spot was found among the constituents with OH groups. It seemed 


that 1,8-cineol behaved as an alcohol during the TLC development. 


1,8-Cineol 


However, there was no structural change of 1,8-cineol in TLC development 
as was proved by preparative TLC. Thus, there is a possibility of inter- 
action between 1,8-cineol and silicic acid during the development, but 
without structural ea ncegar 1,8-cineol. 

Among the hydrocarbon groups, p-cymene proved to be more polar 
than limonene because it has three double bonds whereas limonene has 


only two double bonds. 
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B. Thin-Layer Chromatography - Individual Oils 


1. Anise Seed Oi] 


The thin-layer chromatogram of anise oil and some of its asso- 
ciated pure compounds is illustrated in Fig. 2. The shading indicates 
the intensity of the spots. Thirteen spots were obtained in the thin- 
layer chromatograms of anise oil from Brooks and Michigan. The differ- 
ence between chromatograms of anise oil from these two origins was 
shown by the size and color intensity of these spots. Spots 13, 10, 9 
and 6 of anise oil from Brooks were more intense in color and larger in 
Size than those from Michigan. The opposite was true for spots 1, 4, 5 
and 7. There were two major spots, numbers 12 and 13, for oil from 
Brooks but only one, number 12, for Michigan oil. The spots of anise 
oil were tentatively identified by running a chromatogram of anise oil 
and its associated standards and comparing the Rf values and colors. 

The Rf values and tentative identities of the spots of the chromatogram 
of anise oi] are given in Table 7. 

The results of the preparative thin-layer chromatography of anise 
oil from Brooks--1971 crop, are given in Table 8.- The preparative TLC 
showed that the identities of spots 1, 2, 3 and 7 could not be confirmed 
because these constituents were either present in small amounts or ab- 
sorbed too strongly by the silicic acid to be extracted by ethyl acetate. 
Spot 4 contained two minor constituents, peaks 16 and 17. The presence 
of anisyl acetone in spot 4 could not be confirmed because the GLC run 
was not long enough to detect it. Spots 5 and 6 were minor; the former 
contained borneol and the latter linalool. Spot 8 contained three con- 


stituents: carvone, p-anisaldehyde and a constituent which is not 
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Fig. 2. Thin-Layer Chromatogram of Anise Seed 011 and Some of its 
Associated Pure Compounds. 


Adsorbent layer: 300 uy of MN-Kieselgel N (Macherey Nagel & Co) 
Solvent system: benzene-ethylacetate, 95:5 v/v. 

Spot detection: spraying 1% vanillin in conc. sulfuric acid 
and heating in oven at 105° for 10 min. 

Volume of pure oi] applied: 1 yl. 
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TABLE 7 


THIN-LAYER CHROMATOGRAPHY DATA OF ANISE SEED OILS 


Spot Number Rf Value* Tentative Identity of the Spot 
] 0502 p-anisic acid 
2 0.05 
3 Omt2 
4 0.14 anisyl acetone 
5 0.18 borneol 
6 Or linalool 
i 0.24 
0,32 carvone and p-anisaldehyde 
9 0235 fenchone 
10 0.40 eugenol and camphor 
1h 0.47 thujone 
12 0.61 trans-anethole and estragole 
13 OFZ | terpene hydrocarbons: limonene, 
myrcene, 6-caryophyllene and 
p-cymene 


ep 


*An average of at least ten separations 
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TABLE 8 


PREPARATIVE THIN-LAYER CHROMATOGRAPHY DATA OF ANISE 
SEED OIL FROM BROOKS - 1971 


Spot Number 


Constituent* 


13 


two minor constituents, 16 and 17 
borneol] 


linalool 


carvone, p-anisaldehyde and a constituent 
in p-anisic acid 


fenchone 
camphor and eugenol 


constituent 63, thujone, constituent 5/7 
and 58 and p-cresol 


trans-anethole, estragole,  anisyl 
alcohol, constituents 54, 34(cis-anethole) 
and 50 


terpene hydrocarbons: limonene, 
and g-caryophyllene, p-cymene and 11 
other minor and 20 trace constituents 


*The numbers refer to the peak numbers assigned on the gas-liquid 
chromatogram of the same oil sample 
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74. 
separated from p-anisic acid by GLC. Fenchone was present in spot 9. 
Spot 10 contained camphor and eugenol. There were five constituents in 
spot 1]. The major constituent was peak 63. The other constituents were 
thujone, peaks 57 and 58, and p-cresol. Thujone was found more towards 
the upper part of the spot. Spot 12 contained trans-anethole, estragole, 
anisy] alcohol, constituents 54, 34 (cis-anethole) and 50, with trans- 
anethole and estragole being the major constituents of the spot. 
Constituent 34 (cis-anethole) was found more in the upper part of the 
spot with constituent 54 more in the lower part. Spot 13 contained the 
terpene hydrocarbons: limonene, and g-caryophyllene, p-cymene 11 minor 
and 20 trace constituents. Constituent 34 (cis-anethole) was in the 
lower part of the spot whereas constituents 26, 9 and 40 were more in 
the upper part of the spot. The spot for constituent 34 (cis-anethole) 


was located between spots 12 and 13. 
2. Caraway Seed Oil 


The thin-layer chromatogram of caraway seed oil and some of its 
pure compounds +s illustrated in Fig 3. The chromatograms of caraway 
oil from Brooks and Michigan each showed 7 spots of which spots 4 and 7 
were the major ones. The difference in the chromatograms of the two 
caraway oils was in the color intensity and the size of the spots. The 
color of spots 1, 2, 3 and 4 for Michigan oi] was more intense and the 
size greater than the corresponding spots for Brooks oil. However, spot 
7 was larger and more intense in color for the Brooks oil. The tentative 
identification of the spots was established in the usual manner by 
running a chromatogram of the oil and its associated standard components 


and comparing their Rf values and colors. The Rf values and tentative 
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Fig. 3. Thin-Layer Chromatogram of Caraway Seed Oil and Some of its 
Associated Pure Compounds. 


Adsorbent layer: 300 y of MN-Kieselgel N (Macherey Nagel & Co) 
Solvent system: benzene-ethylacetate, 95:5 v/v. 

Spot detection: spraying 1% vanillin in conc. sulfuric acid 
and heating in oven at 105° for 10 min. 

Volume of pure oil applied: 1 pl. 
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identities of the spots for caraway oil are given in Table 9. 

The results of the preparative thin-layer chromatography of 
caraway oil from Brooks--1971 crop are shown in Table 10. The prepara- 
tive TLC showed that spot 1 contained two minor constituents 34 and 41, 
while spot 2 contained five minor constituents, 35, 37, 38, 40 and 41. 
Thus, the difference in the identities of spot 1 and 2 was due to con- 


stituents 37, 38 and 40. Spot 3 contained only linalool. Spot 4 was 


TABLE 9 
THIN-LAYER CHROMATOGRAPHY DATA OF CARAWAY SEED OILS 


Spot Number Rf Value* Tentative Identity 

] 0.13 

2 0.16 

3 0.23 linalool 

2 0.34 carvone 

5 0.4] 

6 0.49 thujone 

7 0.70 terpene hydrocarbons: limonene, 


a-pinene, camphene, p-cymene, 
g-caryophyllene, etc. 


*An average of at least ten separations 


comprised of carvone, the major constituent, and three minor constituents, 
37, 44 and 29. Constituent 44 was located towards the lower part of 


spot 4 whereas constituent 29 was found towards the upper part. There 
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TABLE 10 


PREPARATIVE THIN-LAYER CHROMATOGRAPHY DATA OF CARAWAY 
SEED OIL FROM BROOKS - 1971 CROP 


Spot Number Constituents* 
] two minor constituents, 35 and 41 
2 five minor constituents, 35, 37, 38, 40 and 41 
3 linalool 
4 carvone and three minor constituents, 29, 37 and 
44 
5 two minor constituents, 43 and 38 
6 a- and g-thujone, fenchone, camphor and four 


Gther minor constituents; 43. 3/7.,.32 and 25 

7 terpene hydrocarbons: limonene, myrcene, a-pinene, 
B-pinene, a-phellandrene, g-caryophyllene and 
camphene and trace constituents, 30, 27, 11, 12, 
14515, 716, 17, 47. 01 and 49 (trans-anethnole, a 


minor constituent, was found between spots 6 and 
7) 


*The numbers refer to peak numbers assigned on the gas-liquid 
chromatogram of the same oil sample 


were two minor constituents, 43 and 38, in spot 5. Spot 6 contained a- 
and g-thujone, fenchone, camphor and four minor constituents, 43, 37, 32 
and 25. Spot 7 was comprised of terpene hydrocarbons which included 
limonene, myrcene, a-pinene, 8-pinene, a-phellandrene, f8-caryophyllene 
and camphene and minor constituents, 30, 27, 11, 12, 14, 15, 16, 17, 

47, 51 and 49. Trans-anethole, a minor constituent, was found between 


Spots 6G. and /. 


hte et canst te 
(hbase OF ,BE .NE .26 ,2tHeudtdedoy ngntnr avrt 
footant! 


bas NE .08 ,aansuttyenon yontw seady aia | f 


SE. bre eb (Paton elt vim ows : | i 


tO? DN ae ondriata?, .agotulld«n. Bai se 
4S boa SE Nk OF , agnaua titenes Yontn fends 


-onentg-o .odsotum <ansieMte :enckensontt ansgint Sites 
on one LT yiieyisd4 0 Latdibinl utiqee aren p . : 
ht oft Sa RE ete Pt ane aya) bik atiat rn 
s . Storane-2N64) Ch te TA Th", TE, OL OF a : 
na d 2doq2 nested brunt 26W \uheutizenon wie | | i 


RD 


bluptt-eep odd oo betiptees erocinun Hoey oF YeTe" 
afqnse [to wmse oils to. 


-» beniagnos a 1008 a yous: vb 88. bow Ch eee vont oud 9 
SE. XE 40 + odiuaaa ene enitin wey fatié ‘sortepmarg eaatceloria? vm 
babulont Aste enodtasotingt ‘enagras +O BS? h-romee au t soe | 
anal fytqoisa-3 saab! latin ponantynn soon me 9M" om 
Wat 2 of St ft s ee. Pinan tanag sonia bn poy 
naavded bo 264 donnttH2009 sane x atoni 18) baie 42: 


: _ 
A 6 o- 
7 °) tae! 
: i 
a 


78. 


3. Dill Oi] 


The thin-layer chromatogram of dill oi] and some of its associ- 
ated pure compounds is given in Fig. 4. The chromatograms of dill oils 
from Brooks and Michigan each showed a total of 8 spots. Dill prime and 
standard oils from Michigan and Danish dill oil from Brooks showed three 
major spots, numbers 9, 5 and 4, while the other two dill oils from 
Brooks showed only two major spots, numbers 9 and 5. The size of spot 4 
was smaller for dill standard oil from Michigan and dill oi1, 1972 crop, 
from Brooks. The size of spot 9 was bigger for both Michigan oils. 
The Rf values and the tentative identities of the spots of the thin- 
layer chromatogram of dill oil are given in Table ll. 

The results of the preparative thin-layer chromatography of dill 
seed oil from Brooks 1971 crop are shown in Table 12. The preparative 
TLC of dill seed oil from Brooks did not bring about the identification 
of the constituents in spot 1. This was because the constituents either 
were present in traces or adsorbed too firmly to the silicic acid to be 
extracted by ethyl acetate. Spot 2 contained four minor constituents, 
28, 30, 33 and 34, and spot 3 was comprised of two minor constituents, 
38 and 23. Constituent 30, one of the major constituents of the dill 
oil, was present in spot 4. Carvone, the major constituent, and con- 
stituent 27 and two minor constituents, 36 and 42, were found in spot 5. 
Five minor constituents, 17, 18, 19, 24 and 15, were present in spot 6. 
Spot 7 contained one major constituent, 26, and four minor ones, 18, 24, 
14 and 16. Trans-anethole and constituent 32 were found in spot 8. 
Constituent 32 was located in the lower part of the spot. Spot 9 con- 


tained the terpene hydrocarbons limonene, a-phellandrene, myrcene, 
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Thin-Layer Chromatogram of Dill Oil and Some of its 
Associated Pure Compounds. 


Adsorbent layer: 300 » of MN-Kieselgel N (Macherey Nagel & Co) 
Solvent system: benzene-ethylacetate, 95:5 v/v. 

Spot detection: spraying 1% vanillin in conc. sulfuric acid 
and heating in oven at 105° for 10 min. 

Volume of pure oi] applied: 1 ul. 
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TABLE 11 


THIN-LAYER CHROMATOGRAPHY DATA OF DILL OILS 


Spot Number Rf value* Tentative Identity 
] 0.11 
2 0-13 
3 Osis 
& Oa23 linalool and 1,8-cineol 
5 0335 carvone 
6 0.43 
7 0.45 
8 0.50 thujone 
9 0.70 terpene hydrocarbons: limo- 


nene, phellandrene, a-pinene, and 
myrcene and p-cymene 


*An average of at least ten separations 
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TABLE 12 


PREPARATIVE THIN LAYER CHROMATOGRAPHY DATA OF DILL OIL 
FROM BROOKS - 1971 CROP 


Spot Number Constituent* 
] 
Z four minor constituents, 28, 30, 33 and 34 
3 two minor constituents, 38 and 23 
4 one major constituent, 20 
5 carvone, constituent 27 and two minor constituents, 
36 and 42 
6 five minor constituents, 17, 18, 19, 24 and 15 
7 one major constituent, 26, and four minor ones, 


18, 24, 14 and 16 
8 trans-anethole and constituent 32 


9 terpene hydrocarbons: limonene, a-phellandrene, 
myrcene, a-pinene and g-pinene, p-cymene and 
constituents 4, 10, livid, 22, 34..155 42, 40, 
37 and 14 


*The numbers refer to peak numbers assigned on a gas-liquid 
chromatogram for the same oil sample 
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a-pinene and g-pinene, and p-cymene and constituents 9, 10, 11, 12, 22, 


oA oe 40. a7 eand 14. 
4. Fennel Seed Oi] 


The thin-layer chromatogram of fennel seed oil and some of its 
associated pure compounds is illustrated in Fig. 5. The thin-layer chro- 
matograms of fennel oils from Brooks and Fritzsche, New York showed 10 
and 11 spots, respectively, of which spots 10 and 11 were the major 
ones. Spot 1 was present only in the chromatogram of fennel oil from 
Fritzsche. The difference between the chromatograms of fennel oils 
from Brooks and Fritzsche also was in the size and intensity of the 
spots. The chromatogram of fennel oil from the Brooks 1971 crop showed 
that spots 11, 9 and 6 were larger and more intense in color, however, 
spot 10 was smaller than that of the Fritzsche and the Brooks 1972 crop. 
Spots 8, 2, 3 and 5 were larger and the color more intense for the 
fennel oil from Fritzsche than for Brooks‘ oils. Spots 8 and 7 became 
more distinct after charring the plate or leaving the plate at room 
temperature for a few days. The Rf values and tentative identities of 
the spots of the thin-layer chromatogram of fennel oi] are shown in 
Table 13. 

The results of the preparative thin-layer chromatography of 
fennel oil from Brooks 1971 crop are given in Table 14. The constituents 
in spot 3 could not be identified as they either were present in traces 
or adsorbed too firmly to the silicic acid. There was no spot |] in the 
chromatogram of fennel oil from Brooks. A minor constituent, 32, was 
present in spot 2. Spot 4 contained a minor constituent which was not 


separated from carvone peak by gas-liquid chromatography. There were 
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Fig. 5. Thin-Layer Chromatogram of Fennel Seed Oi] and Some of its 
Associated Pure Compounds. 


Adsorbent layer: 300 » of MN-Kieselgel N (Macherey Nagel & Co) 
Solvent system: benzene-ethylacetate, 95:5 v/v. 

Spot detection: spraying 1% vanillin in conc. sulfuric acid 
and heating in oven at 105° for 10 min. 

Volume of pure oi] applied: 1 ul. 
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TABLE 13 


THIN LAYER CHROMATOGRAPHY DATA OF FENNEL SEED OILS 


Spot Number Rf value* Tentative Identity 
] 0.05 p-anisic acid 
2 Ome 
3 0.13 
4 0.17 
5 0.20 
6 0425 carvone 
jj 0.32 fenchone 
8 0.40 camphor 
9 0.48 thujone 
10 0.59 trans-anethole and estragole 
11 0.70 terpene hydrocarbons: 1imo- 


nene, myrcene, a-pinene, 
a-phellandrene, etc. 


*An average of at least ten separations 
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TABLE 14 


PREPARATIVE THIN-LAYER CHROMATOGRAPHY DATA OF FENNEL 


SEED OIL FROM BROOKS - 1971 CROP 


sn 


Spot Number 


PP Ww Pr 


10 


1] 


Constituent* 


a minor constituent, 32 


a minor constituent which was not separated 
from carvone peak by GLC 


two minor constituents, 1,8-cineol and 17 


carvone and two minor constituents, 34 and 
anisaldehyde 


fenchone and three minor constituents, 28, 34 
and 4] 


camphor and two minor constituents, 30 and 36 


thujone and four minor constituents, 40, 34, 
47 and 48 


trans-anethole, estragole and three other con- 
stituents, 45,(cis-anethole), 60 and 65 


terpene hydrocarbons: limonene, myrcene, 
a-phellandrene and a-pinene, p-cymene and 
minor constituents 17, 16, 42 (not estragole), 
3H ee eo eo eo soe ald o7 


*The numbers correspond to peak numbers assigned on a gas-liquid 
chromatogram for the same oi] sample 
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two minor constituents, 1,8-cineol and peak 17, present in spot 5. Car- 
vone was the major constituent present in spot 6. The other two minor 
constituents present were anisaldehyde and peak 34. Spot 7 was com- 
prised of fenchone and three minor constituents, 28, 34 and 41. Camphor 
and two minor constituents, 30 and 36, were present in spot 8. Spot 9 
contained thujone as a major component, and four minor constituents, 40, 
34, 47 and 48. Trans-anethole, estragole and three other constituents, 
45 (cis-anethole), 60 and 65 were found in spot 10. Of the five con- 
stituents in spot 10, trans-anethole was the major one. Spot 11] was 
comprised of terpene hydrocarbons: limonene, myrcene, a-phellandrene and 
a-pinene, p-cymene and other minor constituents, 17, 16, 42 (not estra- 
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5. Peppermint Oil 


The thin-layer chromatogram of peppermint oil and some of its 
associated pure compounds is illustrated in Fig. 6. The chromatograms 
of the oils from Brooks and Hotchkiss showed 11 spots of which spots 11, 
9, 8 and 2 were the major ones. There was no distinct difference in 
the size and color intensity of the spots found on the chromatograms of 
the two oils. Spots 7 and 8 became more distinct after charring the 
sprayed plate or leaving the plate at room temperature for a few days. 
The Rf values and tentative identities of the spots for peppermint oil 
are shown in Table 15. 

The results of the preparative thin-layer chromatography of 
Michigan peppermint oil from Hotchkiss are given in Table 16. The pre- 
parative TLC of this peppermint oil showed that spot 1 contained three 
minor constituents, 24, 50 and 51. Menthol was the major constituent 


in spot 2 which in addition contained 3-octanol, isomenthol and two 
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Thin-Layer Chromatogram of Peppermint 0i1 and Some of its 
Associated Pure Compounds. 


Adsorbent layer: 300 » of MN-Kieselgel N (Macherey Nagel & Co) 
Solvent system: benzene-ethylacetate, 95:5 v/v. 

Spot detection: spraying 1% vanillin in conc. sulfuric acid 
and heating in oven at 105° for 10 min. 

Volume of pure oil applied: 1 ul. 
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TABLE 15 
THIN LAYER CHROMATOGRAPHY DATA OF PEPPERMINT OILS 


Spot Number Rf Values* Tentative Identity 
1 0213 
2 0.20 menthol 
2) O20 piperitone 
4 0.29 neomenthol 
5 Oso 1,8-cineol 
6 D230 pulegone 
7 0.38 isomenthone 
8 0.46 menthone 
9 0,93 menthyl acetate 
10 0.67 menthofuran 
1] Ov72 terpene hydrocarbons: 


limonene, myrcene, etc. 


*An average of at least ten separations 


minor constituents, 35 and 25. Piperitone was found in spot 3. The 
constituents detected in spot 4 were neomenthol, 1,8-cineol, neoisomen- 
thol and linalool. 1,8-Cineol and neoisomenthol were present in spot 5. 
Spot 6 contained pulegone, and spot 7 isomenthone. Spot 8 was comprised 
of menthone and constituent 41 which was found in the upper part of the 


spot. Menthyl acetate, the major constituent, and two minor constituents, 
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TABLE 16 


PREPARATIVE THIN LAYER CHROMATOGRAPHY DATA OF MICHIGAN 
PEPPERMINT OIL FROM HOTCHKISS 


Spot Number 


Constituent* 


10 
1] 


three minor constituents, 24, 50 and 5] 


menthol, 3-octanol, isomenthol and two minor 
constituents, 35 and 25 


piperitone 


neomenthol, 1,8-cineol, neoisomenthol and 
linalool 


1,8-cineol and neoisomenthol 
pulegone 

isomenthone 

menthone and constituent 41 


menthyl acetate and two other minor consti- 
tuents, 23 and 35 


menthofuran and one other constituent 


terpene hydrocarbons: 8-caryophyllene, myrcene, 
limonene, a-pinene, g-pinene and camphene, 
p-cymene and seven minor constituents, 48, 46, 
A532. 19 14 and. 16 


*The numbers correspond to peak numbers assigned on gas-liquid 
chromatogram for the same oil sample 
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23 and 35, were found in spot 9. Spot 10 contained menthofuran and a 
constituent which was not separated from peak 11 by GLC. The terpene 
hydrocarbons g-caryophyllene, myrcene, limonene, a-pinene, 8-pinene and 
camphene were present in spot 11 along with p-cymene and seven other 
constituents, 48, 46, 45, 32, 13, 14 and 16. 

The thin-layer chromatogram of menthone related constituents to- 
gether with their Rf values and configurations is illustrated in Fig. 7. 
With the solvent system used the Rf values were: for menthol 0.20, 
neomenthol 0.29, isomenthone 0.38, menthone 0.46, menthyl acetate 0.53, 
and menthofuran 0.67. The Rf values of isomenthol, neoisomenthol and 
neomenthyl acetate could not be exactly determined but their positions 
on the chromatogram were found by preparative TLC. Menthol was not well 
separated from isomenthol, nor was neomenthol from neoisomenthol or 
menthyl acetate from neomenthyl acetate. However, preparative TLC showed 
that isomenthol migrated slower than menthol, and neomenthyl acetate 
Slower than menthyl] acetaee, while neoisomenthol travelled faster than 
neomenthol. Petrowitz (1960) used four solvent systems to study the 
separation of menthol stereoisomers and obtained the results given in 
Table 17. 

The separation of the menthone-related constituents depends on 
polarity differences due to variation of functional groups, stereochemis- 
try and solvent system. Petrowitz (1960) found that the molecules with 
equatorial hydroxyl groups, as in menthol and isomenthol, showed a higher 
adsorption affinity with benzene. However, the effect of benzene on 
meth yl groups, whether in equatorial or axial positions, was less signi- 


ficant. With chloroform as the solvent system neoisomenthol migrated 
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Thin-Layer Chromatogram of Menthone Related Constituents. 


Adsorbent layer: 300 » of MN-Kieselgel N (Macherey Nagel & Co) 
Solvent system: benzene-ethylacetate, 95:5 v/v. 

Spot detection: spraying 1% vanillin in conc. sulfuric acid 
and heating in oven at 105° for 10 min. 

Volume of pure oil applied: 1 ul. 
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TABLE 17 
THIN LAYER CHROMATOGRAPHY DATA OF THE MENTHOL STEREO ISOMERS 


Compound Rf Value 
Chloroform n-hexane:ethy] Benzene: Benzene: 
acetate methanol methanol 
(90:10) (75:25) (95:5) 
Menthol 0732 0.47 0.67 0.36 
Isomenthol 0.29 0.41 0.62 O37 
Neomenthol 0.40 0.64 0.73 0.51 
Neoisomenthol 0.36 0.68 0.76 0.55 


Slower than neomenthol, but the opposite was true with the other three 
solvent systems. 

The functional groups in menthone-related constituents are: OH, 
CO, OCOCH3 and COC, in decreasing order of polarity. Hence, menthols 
are the most polar’ and menthofuran is the least polar. The differ- 
ence between isomenthol and menthol is the position of the methyl group, 


which is equatorial in menthol and axial in isomenthol. With the methyl 
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group in the equatorial position there is greater steric hindrance with 
the OH group and, hence, the polarity of menthol is slightly reduced 
when compared with that of isomenthol. However, for neomenthol and 
neoisomenthol which appear to be less polar than menthol and isomenthol, 
their polarities might be disputed, since these compounds might be 


present in conformational equilibrium as illustrated for neoisomenthol. 


OH 
oH | SP\ ( 
aS => 
SS ae i) ey 


Neoisomenthol 


The conformation 1 is less polar than conformation 3, hence the overall 
separation characteristic for neoisomenthol will depend on the position 


of equilibrium, which should be in favor of a more stable conformation. 


Neomenthol Neoisomenthol Menthone 
Isomenthone is more polar than menthone because its methyl 


group is in the axial position, whereas the 


OCQCH3 


Isomenthone Menthyl acetate Neomenthy] acetate 
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methyl group in menthone is in the equatorial position. Of the two 
acetates, menthyl acetate is more polar than neomenthyl] acetate because 
the former has its OCOCH, in the equatorial position while the latter 


has its OCOCH3 in the axial position. 
6. Sage Oil 


A thin-layer chromatogram of sage oil] and some of its associated 
pure compounds is illustrated in Fig. 8. The chromatograms of sage oil 
from Brooks and Michigan each showed 9 spots of which seven spots were 
major. The minor spots were spots 1 and 2. Spots 3 and 5 of the Brooks' 
oil were less intense in color and smaller in size relative to the 
Michigan oil, but the occive was true for spots 4, 6 and 9. Spots 6 
and 7 became more distinct after charring the plate or leaving the plate 
at room temperature for a few days. The Rf values and tentative identi- 
ties of the spots of the thin-layer chromatogram of sage oil are shown 
in Table 18. 

The results of the preparative thin-layer chromatography of sage 
oil from the Brooks 1971 crop are given in Table 19. From the preparative 
chromatogram, the constituents present in spot 1 could not be identified. 
Spot 2 contained borneol and two minor constituents, while spot 3 con- 
tained borneol and eleven minor constituents. These two spots could be 
differentiated by their minor constituents. The constituents in spot 4 
were linalool and three other constituents, one of which decomposed at 
about 150°. Spot 6 contained camphor and eight minor constituents, one 
of which decomposed at about 185°. Spot 7 was comprised of a- and 6- 
thujone and three minor constituents. Bornyl acetate and three minor 


constituents were found in spot 8. The constituents in spot 9 were the 
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TABLE 17 
THIN LAYER CHROMATOGRAPHY DATA OF THE MENTHOL STEREO ISOMERS 


Compound Rf Value 
Chloroform n-hexane:ethy] Benzene: Benzene: 
acetate methanol methanol 
(90:10) (75325) (95:5) 
Menthol Osse 0.47 0.67 0.36 
Isomenthol 0.29 0.41 0.62 Oeow 
Neomenthol 0.40 0.64 Oh 0.5] 
Neoisomenthol Oucisy 0.68 0.76 0.55 


slower than neomenthol, but the opposite was true with the other three 
solvent systems. 

The functional groups in menthone-related constituents are: OH, 
CO, COOCH3 and COC, in decreasing order of polarity. Hence, menthols 
are the most polar and menthofuran is the least polar. The differ- 
ence between isomenthol and menthol is the position of the methyl group, 


which is equatorial in menthol and axial in isomenthol. With the methyl 
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methyl group in menthone is in the equatorial position. Of the two 
acetates, menthyl acetate is more polar than neomenthy1] acetate because 
the former has its COOCH4 in the equatorial position while the latter 


has its COOCH3 in the axial position. 
6. Sage Oil 


A thin-layer chromatogram of sage oi1 and some of its associated 
pure compounds is illustrated in Fig. 8. The chromatograms of sage oil 
from Brooks and Michigan each showed 9 spots of which seven spots were 
major. The minor spots were spots 1 and 2. Spots 3 and 5 of the Brooks' 
oil were less intense in color and smaller in size relative to the 
Michigan oil, but the opposite was true for spots 4, 6 and 9. Spots 6 
and 7 became more distinct after charring the plate or leaving the plate 
at room temperature for a few days. The Rf values and tentative identi- 
ties of the spots of the thin-layer chromatogram of sage oil are shown 
in Table 18. 

The results of the preparative thin-layer chromatography of sage 
oil from the Brooks 1971 crop are given in Table 19. From the preparative 
chromatogram, the constituents present in spot 1 could not be identified. 
Spot 2 contained borneol and two minor constituents, while spot 3 con- 
tained borneol and eleven minor constituents. These two spots could be 
differentiated by their minor constituents. The constituents in spot 4 
were linalool and three other constituents, one of which decomposed at 
about 150°. Spot 6 contained camphor and eight minor constituents, one 
of which decomposed at about 185°. Spot 7 was comprised of a- and 6- 
thujone and three minor constituents. Bornyl acetate and three minor 


constituents were found in spot 8, The constituents in spot 9 were the 
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Fig. 8. Thin-Layer Chromatogram of Sage Oil and Some of its 
Associated Compounds. 


Adsorbent layer: 300 uy of MN-Kieselgel N (Macherey Nagel & Co) 
Solvent system: benzene-ethylacetate, 95:5 v/v. 

Spot detection: spraying 1% vanillin in conc. sulfuric acid 
and heating in oven at 105° for 10 min. 

Volume of pure oil applied: 1 ul. 
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terpene hydrocarbons; humulene, limonene, myrcene, a-pinene, g-pinene, 
a-thujene and camphene, as well as p-cymene and thirteen minor 


constituents. 


TABLE 18 
THIN-LAYER CHROMATOGRAPHY DATA OF SAGE OILS 


Spot Number Rf Value* Tentative Identity 
] 0.07 
2 20m1z 
3 O15 L-borneol 
4 Onl linalool 
5 Osz/, 1,8-cineol 
6 0.34 camphor 
7 0.44 thujone 
8 O25) bornyl acetate 
9 0.70 terpene hydrocarbons: 


limonene, humulene, camphene, 
myrcene, phellandrene, etc. 


*An average of at least ten separations 
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TABLE 19 


PREPARATIVE THIN LAYER CHROMATOGRAPHY DATA OF 
SAGE OIL FROM BROOKS - 1971 CROP 


Constituent 


borneol and two minor constituents 
borneol and eleven minor constituents 
linalool and three other constituents 
1,8-cineol 

camphor and eight minor constituents 


a- and g-thujone and three minor con- 
stituents 


bornyl acetate and three minor constituents 


terpene hydrocarbons: humulene, limonene, 
myrcene, a-pinene, $-pinene, camphene and 
a-thujene, and p-cymene and thirteen minor 
constituents 
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Ce Infrared 
1. Anise Seed Oi1 


The infrared spectrum of anise seed oil from the Brooks 1971 
crop is illustrated in Fig. 9. The spectra of anise seed oil from Brooks 
1972 crop and Michigan are given in Appendix B-1. The spectrum of anise 
oil was dominated by the spectra of trans-anethole, the major constituent, 
and other benzene derivative constituents. The bands in this spectrum 
could be associated with those typical of trans-anethole, cis-anethole, 
eugenol, p-anisaldehyde, limonene, p-cymene, thymol, anisyl alcohol, 


estragole, camphor, linalool and safrole. 
2. Caraway Seed 0i1 


The infrared Spectrum of caraway seed oi] from Brooks--1971 crop 
is illustrated in Fig. 10. The spectrum of caraway oil from Michigan 
is given in Appendix B-2. The spectra of two major components in | 
caraway oil, carvone and limonene, dominated the spectrum of the oil. 
The bands in this spectrum could be associated with those bands typical 
of limonene, carvone, p-cymene, 1,8-cineol, a-pinene, g-pinene, 
g-phellandrene, myrcene, trans-anethole, camphor, estragole, fenchone 


and acetates. 
Se DPIS014 


The infrared spectrum of Danish dill seed oil from Brooks--1971 
Grog as illustrated) inmibig. 112 slhe spectra of common dill seed of! 


from Brooks--1971 crop and dill standard and prime from Michigan are 
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given in Appendix B-3. The spectra of two major constituents in dill 
oil, limonene and carvone, dominated the spectrum of the oil. The 
bands in this spectrum could be associated with those typical of 
limonene, carvone, p-cymene, 1,8-cineol, o-pinene, g-phellandrene, 


trans-anethole, camphor, myrcene, fenchone, y-terpinene and acetates. 
4, Fennel Seed Oi] 


The infrared spectrum of fennel seed oi] from Brooks--1971 crop 
is shown in Fig. 12. The spectra of fennel oils from Brooks--1972 crop 
and Fritzsche ane given in Appendix B-4. The spectrum of fennel oil was 
dominated by the spectra of its major constituents, trans-anethole, 
limonene and fenchone. The bands in this spectrum could be associated 
with those typical of trans-anethole, limonene, fenchone, camphor, 
p-cymene, p-anisaldehyde, a-pinene, thujone, estragole, camphene, 


B-pinene, linalool, 8-phellandrene and fenchyl alcohol. 
5. Peppermint O71 


The infrared spectrum of leaf peppermint oil, stage I, from 
Brooks--1970 crop is shown in Fig. 13. The spectra of the leaf 
peppermint oils for stages II, III, IV and V, and the stem peppermint 
oils for stages I, III and Vffrom Brooks and peppermint oil from 
Michigan are given in Appendix B-5. The spectra of two major con- 


stituents of peppermint oil, menthol and menthone, dominated the 
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spectrum of the oil. The bands in this spectrum could be associated 
with those typical of menthol, menthone, pulegone, menthyl acetate, cam- 
phene, menthofuran, 8-pinene, g-phellandrene, myrcene, p-cymene, camphor, 


1,8-cineol, piperitol, limonene, isopulegol, and a-pinene. 
6. Sage Oil 


The infrared spectrum of sage oil from Brooks--1971 crop is 
illustrated in Fig. 14. The spectrum of sage oil from Michigan is given 
in Appendix B-6. The spectrum of sage oil was dominated by the spectra 
of its major constituents, camphor, thujone, 1,8-cineol and caryophyllene. 
The bands in this spectrum could be associated with those typical of 
camphor, thujone, 1,8-cineol, linalool, linalyl acetate, o-terpineol, 
bornyl acetate, camphene, 8-pinene, g-caryophyllene, borneol, y-terpinene, 


p-cymene, a-pinene, 8-phellandrene and geranyl acetate. 


D. Gas-Liquid Chromatography 


1. The Separation of Individual 011 Constituents 
a. General Observations 


The separation of compounds by a GLC column depends on interac- 
tions occurring between substances in the gas, liquid and stationary 
phases. These interactions are directly dependent on the nature of these 
substances (Haken, 1973). Wehrli and Kovats (1959) suggested that in a 
nonpolar liquid phase the molecules are only affected by dispersion 
forces, but in a polar liquid phase there are two additional factors, 


namely, forces due to polar groups and to chemical bonds (hydrogen bond 
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and complex formation). Thus, the elution sequence of compounds during 
a GLC separation depends on the polarity of the liquid phase. The non- 
polar liquid phases such as didecyl phthalate (Zubyk and Conner, 1960), 
Apiezon L and silicone oil (Klouwen and Heide, 1962) are nonselective. 
The elution order of essential oil constituents on these nonpolar liquid 
phases follows the boiling points of these components. However, the 
elution order on Carbowax 4000, a polar liquid phase, is different be- 
cause Carbowax 4000 shows some selective retention for unsaturated com- 
pounds with conjugated double bonds (Zubyk and Conner, 1960). The elu- 
tion sequence of the essential oil constituents on nonpolar (Silicone 
D.C. 550) and polar (Carbowax 20M) liquid phases is given in Table 26. 
In this study, ethylene glycol succinate (EGS), a polar liquid phase, 
was used. It was shown by Luisetti and Yunes (1971) that EGS is more 
polar than Carbowax 20M. 

The elution sequence of a functional group class depends on the 
nature of the polar liquid phase. In general, the elution sequence on 
the EGS column was COC, CO, OCOCH3 and OH. Bierl et al. (1972) reported 
that with diethylene glycol succinate (DEGS), the order of elution was 
COC, C-C, OCOCH3, CO and OH, while the elution sequence on cyanopropy1- 
aartth phenyl-methyl] silicone (OV-225) was COC, OCOCH3, C-C, OH and CO. 

In an earlier report Martin (1961, 1963) observed fa the elu- 
tion order of the constituents changed with the amount of liquid phase. 
In our study, it was found that the elution sequence differed on the 
fresh and on the aged columns. The amount of liquid phase in the aged 
column was expected to be less than that of the fresh column because of 


column bleeding. The change in the elution order of the constituents 
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TABLE 20 


THE ELUTION SEQUENCE OF ESSENTIAL OIL CONSTITUENTS 
ON NONPOLAR AND POLAR LIQUID PHASES 


Nonpolar Liquid Phase Polar Liquid Phase 
S51 icone... 090 Carbowax 20M** 
Elution Sequence Boiling Point Elution Sequence Boiling Point 
(°C) ae) 
a-pinene 157 a-thujene 152 
camphene 158-9 a-pinene ey 
8-pinene 164-6 camphene 158-9 
myrcene 167 8-pinene 164-6 
A3-carene (d) 2 sabinene 163-5 
limonene 177 myrcene 167 
y-terpinene 183 a-terpinene 176 
p-cymene 177-9 limonene ZZ, 
linalool 198 1,8-cineol 175 
w#-terpineol 219 8-phellandrene 171-8 
linalyl acetate 220 cis-ocimene NAPE 
D-carvone 230 p-cymene 177-9 
terpineolene 184 
menthone 204 
menthofuran 196 
isomenthone 208 
menthyl acetate Ley 
neomenthol 2AZ 


neoisomenthyl acetate 


menthol 216 
pulegone 224 
piperitone Zo 


Data have been compiled from separations done by: 
*Cartoni and Liberti (1960) 
**Lawrence et al. (1972) 
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happened only among the oxygenated monoterpenes and sesquiterpenes. For 
instance, g-caryophyllene was eluted before menthol when peppermint oil 
was chromatographed on the fresh column, however, it appeared after 
menthol when the oil was chromatographed on the aged column. These 
changes in separation of the constituents on the fresh and the aged 
columns have been used to advantage throughout this study. 

The separation of sage oi] constituents on the fresh column was 
necessary to separate myrcene from limonene and partly separate a- and 
g-thujone. However, the overall separation of sage oil] constituents 
was better on the aged column. In another example the separation of 
peppermint oil constituents on the aged column was needed for the reso- 
lution of 1,8-cineol from peak 13, and menthofuran from peak 29, an 
unidentified alcohol. However, the overall separation of peppermint 
oil constituents was better on the fresh column. Thus, two EGS columns 
of different conditions were used in order to obtain more accurate infor- 
mation about the qualitative and quantitative composition of the essen- 
tial oils we analyzed. 

The essential oil constituents can be classified into four 
groups according to their GLC separation characteristics. Group one is 
comprised of monoterpene hydrocarbons, p-cymene, a benzene related con- 
stituent, and 1,8-cineol, an internal ether. The second group includes 
the oxygenated monoterpenes which can be divided further into: 1) men- 
thone related constituents, and 2) other oxygenated monoterpenes. Group 
three is made up of sesquiterpene hydrocarbons and group four is the ben- 


zene related constituents. 


b. Monoterpene Hydrocarbons, p-Cymene and 1,8-Cineol 
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The elution sequence of the constituents identified in this 
group was as follows: a-thujene (b.p. 152°), a-pinene (b.p. 157°), 
camphene (b.p. 158°-199°), g-pinene (b.p. 164°-166°), a-phellandrene 
(b.p. 175°), myrcene (b.p. 167°), limonene (b.p. 177°), 1,8-cineol 
(b.p. 175°), and p-cymene (b.p. 177°-179°). The elution sequence of 
this group does not strictly follow the boiling points of these con- 
stituents and is similar to that of Carbowax 20M. The separation of 
the group is based on the polarity of the constituents. As Wehrli and 
Kovats (1959) pointed out, the retention time of these compounds reflects 
the sum of the increments contributed mainly by the length of carbon 
skeleton, the degree of chain branching, and the nature and number of 
the functional groups present. These increments are also attributed to 
the nature and position along the carbon skeleton of the functional 


groups and other structural features. 


a-Pinene 


a-Thujene 


a-Thujene was eluted earlier than a-pinene. a-Thujene has an 
endocyclic double bond as in a-pinene. The polarity of the double bond 
in a-thujene is greatly reduced by the steric hindrance imparted by its 
equatorial methyl group. g-Pinene is more polar than a-pinene because 
it has an exocyclic double bond. This is in accordance with the finding 
made by Zubyk and Conner (1960), and Klouwen and Heide (1962) that con- 


stituents with an exocyclic double bond are more polar than those with 
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an endocyclic double bond. In addition, the polarity of the double bond 
in a-pinene is reduced by steric hindrance from the gem-dimethy] group 
and the cyclobutane ring (Luisetti and Yunes, 1971) as well as from the 
methyl group. Thus a-pinene emerged earlier than g-pinene in the GLC 


separation. Camphene, like g-pinene, has an exocyclic double bond, but 


Camphene g-Pinene 


its polarity is less than that of g-pinene because its double bond is 
hindered by the adjacent gem-dimethyl group. Zubyk and Conner (1960) 
have found that bicyclic monoterpene hydrocarbons with the second ring 
formed at the 1,4-positions of the six membered ring, as in camphene, 
are retained for a longer period than those with the ring formed at the 
2,4-positions, as in pinene. However, in our study we found that 


B-pinene emerged after camphene. 


a-Phellandrene is less polar than limonene because its two dou- 
ble bonds are endocyclic, whereas in limonene, one of the double bonds 
is endocyclic and the other is exocyclic. Consequently, in our separa- 
tions, a-phellandrene was eluted before limonene. Myrcene is an 
aliphatic monoterpene hydrocarbon having three double bonds. It was 


eluted after a-phellandrene but before limonene. This is in agreement 
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a-Phellandrene Limonene Myrcene 


with the findings of Luisetti and Yunes (1971) who established that the 
polarity is greater for a ring than for a double bond. 1,8-Cineol is an 
internal ether whose polarity is greatly reduced because of steric hin- 
drance caused by the ring and methyl groups. The polarity of 1,8-cineol 
is comparable to that of the monoterpene hydrocarbons (Breckler and 
Betts, 1970). Thus, 1,8-cineol was eluted after limonene. p-Cymene is 


more polar than limonene because it has a benzene ring. 


1,8-Cineol p-Cymene 


c. Oxygenated Monoterpenes 
j. Menthone Related Constituents 


The separation of menthone and menthol stereoisomers was best 


in the freshly prepared EGS column. On the aged EGS column neomenthol 


na et foentd-8,1 baad atduobys -wY nella prty 

-atd bate to seusded beouber efdeow ef WAPrBfag- ee 
fosnto~8,1 Yo ytiystog aT Laquony Fyshtan this an ot yl Besues 8 
bre ‘wiiosed) enodyasoribyt smayradowam att, te Jd? of ofden | 
2? ansmy~q -gnaneitt “atts betuls 26w foonts-B, 1 ud {O82 
‘ents sfissned s zed tt seusasd anonomlt nedd + 


‘ho ’ iF 


MG. 


and neoisomenthol were eluted together as one peak. The results were 

in accordance with the finding that the separation of isomers could be 
better achieved on the more polar liquid phases (Cartoni and Liberti, 
1960; Bier] et al., 1972). Gillen and Scanlon (1972) found that the 
limiting factor for the separation of menthone and menthol stereoisomers 
is the resolution of neoisomenthol either from neomenthol or menthol. 
The resolution of neoisomenthol depends on the liquid phase selectivity; 
on 2-hydroxypropyl octakis sucrose (Hyprose SP-80) neomenthol was poorly 
resolved from neomenthol and on Carbowaxes it tended to elute with 
menthol. The elution order of menthone related constituents on the EGS 
column was found by us to be: menthofuran (b.p. 196°), menthone (b.p. 
204°), isomenthone (b.p. 208°), neomenthol (b.p. 212°), neoisomenthol 
(b.p. 214.6°), menthyl acetate (b.p. 227°), menthol (b.p. 216°), iso- 
menthol (b.p. 218°), pulegone (b.p. 224°), and piperitone (b.p. 233). 
This elution sequence is different from that on Carbowax 20M and sucrose 
diacetate hexaisobutyrate (SAIB). In the case of SAIB, menthyl acetate 
comes out after menthol (Smith and Levi, 1961). The sequence of elution 
of menthone related constituents on a Carbowax 20M column, as in Table 
20, was: menthone, menthofuran, isomenthone, menthyl acetate, neomenthol, 


neoisomenthyl acetate, menthol, pulegone and piperitone. 


Among the menthone related constituents menthofuran is the least 
polar. It has a furan ring structure with an internal ether and two dou- 
ble bonds. Menthofuran is more polar than 1,8-cineol (also an internal 
ether) because in addition to a COC group it has two double bonds and, 
furthermore, the polarity of the COC group is not greatly hindered by the 


ring structure as it is in 1,8-cineol. The next two constituents which 
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Menthofuran Menthone Isomenthone 


appeared after menthofuran were menthone and isomenthone. Isomenthone 
is more polar than menthone due to the methyl group being in the axial 
position in isomenthone and in the equatorial position in menthone (see 


also Table 21). The methyl group in the equatorial position imparts 


TABLE 21 
CONFIGURATION OF MENTHONE AND MENTHOL STEREOISOMERS 


Compound Configuration* 

Me isle OH 
Menthone e e -- 
Isomenthone a e -- 
Menthol e e e 
Neomenthol e e a 
Neoisomenthol a e a 
Isomenthol a e e 


eR 


*e-equatorial; a-axial 
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a greater steric hindrance on the polarity of the CO group than that 
attached in the axial position. Neomenthol and neoisomenthol are more 
polar than menthone and isomenthone due to the presence of an OH group. 


Thus, neomenthol and neoisomenthol came out after isomenthone. Of the 


Neomenthol Neoisomenthol 


two alcohol constituents, neoisomenthol is more polar than neomenthol 
due to the methyl group being in the axial position in neoisomenthol 
and in the equatorial position in neomenthol. Consequently, the cis 
isomer, neomenthol, was retained by the column for a shorter period 
of time than trans isomer, neoisomenthol. However, as it is stated 
earlier, due to conformation equilibria the polarities of these alco- 
hols might be disputed. 

Menthol and isomenthol are more polar than neomenthol and neo- 
isomenthol because of the position of their OH group. The isopropyl 
group, which is in equatorial position in all menthol stereoisomers, 
imparts a greater steric hindrance to the polarity of an axial OH group, 


as in neomenthol and neoisomenthol, than to an equatorial OH group, as 
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Isomenthol Menthol] 


in menthol and isomenthol. Of the two constituents, menthol is less 
polar than isomenthol because it has an equatorial methyl group. 


Menthyl acetate was eluted before menthol. This was due to the polarity 


OCOCH3 


Menthyl] acetate 


of menthyl acetate being less than that of menthol because of the ester- 
ified OH group. The last two constituents, which emerged after isomen- 
thol, were pulegone and piperitone. These two constituents are more 
polar than menthone and menthol stereoisomers because of their CO group 
and double bond. The double bond is endocyclic in piperitone and exo- 


cyclic in pulegone. However, piperitone is more polar than pulegone 


Pulegone Piperitone 
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because the polarity of the double bond in pulegone is hindered by 


methyl groups. 
ii. Other Oxygenated Monoterpenes 


The overall separation of these oxygenated monoterpenex was best 
achieved using the aged EGS column. However, the use of the fresh EGS 
column was necessary to separate isomers such as a- and g-thujone. This 
is in agreement with the finding that the separation of isomers is best 
on the more polar liquid phases (Cartoni and Liberti, 1960; Bierl et al., 
1972). The separation on the fresh column showed that camphor and lina- 
lool were eluted as one peak The elution sequence of these oxygenated 
monoterpenes on the aged column was: fenchone (b.p. 193°), a-thujone 
(b.p. 201°), g-thujone, camphor (b.p. 208°), linalool (b.p. 198°), borny] 
acetate (b.p. 208°), dihydrocarvyl acetate (b.p. 272°), borneol (b.p. 
208°), a-terpineol (b.p. 219°) and carvone (b.p. 230°). This elution 
sequence is slightly different from that on a Carbowax 20M column. The 
elution order of these oxygenated monoterpenes on Carbowax 20M was: 
fenchone and a-thujone as one peak, g-thujone, linalool and camphor as 
one peak, linalyl acetate, bornyl acetate, borneol and a-terpineol 
(Lawrence et al., 1971). 

The polarity of these compounds depends on their functional 
group or groups, the number and position of double bonds, the configura- 
tion, the number of rings and other atoms or groups that can cause 
steric hindrance to the polarized zones. The retention of the individual 
components in the column is also determined by their molecular weight. 


The steric hindrance caused by the adjacent gem-dimethyl group on the 
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1138; 
polarity of the CO group in fenchone is greater than that imparted by 


the methyl group on the polarity of the CO group in thujone stereoiso- 
mers. Consequently, fenchone was eluted earlier than a- and g-thujone. 


Of the two stereoisomers, g-thujone is more polar than a-thujone because 


Fenchone 


of the position of the methyl group which is axial in 6-thujone and 
equatorial in a-thujone. The methyl group in the equatorial position is 
closer to the CO group than the methyl group in the axial position. 
Hence, the steric hindrance imparted by the methyl group in the equator- 
ial position on the polarity of the CO group is greater than that caused 


by the methyl group in the axial position. 


CH3 
Ch3 


a-Thujone ‘a-Thujone 
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The component which emerged after g-thujone was camphor. The 


polarity of the CO group is much less hindered by the gem-dimethyl group 
in camphor than by the methyl group in thujone. This is because the 
methyl group in the thujone stereoisomers is closer to the CO group. 
Linalool, a tertiary alcohol, was eluted after camphor. The polarity 

of the OH group in linalool is greatly hindered by the methyl and vinyl 
groups. However, the polarity of linalool is still greater than camphor 


because of the two double bonds. Bornyl acetate appeared after linalool. 


OH 


| 


| OCOCH3 


Camphor Linalocol Bornyl acetate 


Borny] acetate had a higher retention time than linalool due to the 
polarity of the OCOCH3 group and its molecular weight (linalool, 154; 
bornyl acetate,196). The polarity of the axial OCOCH3 group is not 
hindered greatly by the adjacent methyl and gem-dimethyl groups. The 
component that appeared after bornyl acetate was dihydrocarvyl acetate. 
A longer retention of dihydrocarvy] acetate than bornyl acetate is 
explained by the polarity of the OCOCH3 group, and the presence of a 
double bond. 
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In all GLC runs borneol was retained longer than dihydrocarvy] 
acetate. This is explained by the polarity of the borneol OH group, 


which is less hindered by the methyl and gem-dimethyl groups. a-Terpineol, 


OCOCH3 


y OH 


Dihydrocarvyl acetate Borneo] 


a tertiary alcohol, was eluted after borneol. Besides the OH group, 
a-terpineol has an endocyclic double bond. Although both a-terpineol 
and linalool are tertiary alcohols the former is more polar than the 
latter because it has a cyclohexane ring. As Luisetti and Yunes (1971) 
established, the polarity is greater for rings than for double bonds 
because the rings involve the whole molecule while the double bonds 
involve only a part of the molecule. Though the polarity of the OH 
group is greatly hindered by the two methyl groups, the retention of 
a-terpineol is still longer than that of borneol because of its double 
bond. Finally, carvone was eluted after a-terpineol. The polarity of 
carvone is attributed to the CO group and to the two double bonds. 
Further, the endocyclic double bond is conjugated with the CO group. 
However, the polarity of the endocyclic double bond and the CO group is 


slightly hindered by the adjacent methyl group. 
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OH Carvone 


a-Terpineol 


d. Sesquiterpene Hydrocarbons 


The two sesquiterpene hydrocarbons identified in this study 
were 6-caryophyllene (b.p. 256°) and humulene (a-caryophyllene). These 
sesquiterpene hydrocarbons were eluted in the same region as the 
oxygenated monoterpenes. a Ea RVCnI ane appeared after bornyl acetate 
and humulene after borneol. The high retention times of the sesqui- 
terpene hydrocarbons were mainly due to their high molecular weight, 
which is 204 for both ee crremene and also to their double bonds. 
During GLC separations g-caryophyllene had a lower retention time than 
humulene. Humulene is more polar than g-caryophyllene because it has 


three double bonds while 8-caryophyllene has only two. The exocyclic 


Humu lene 
B-Caryophyllene (a-Caryophyllene) 
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122. 
double bond of g-caryophyllene is shielded by the cyclobutane methylene 
group while the non-methylated double bond in humulene is shielded by 


the gem-dimethyl group (Luisetti and Yunes, 1971). 
e. Benzene Related Components 


The separation of the benzene related constituents in essential 
oils was achieved equally well on both fresh and aged columns. In 
general, this group of compounds is more polar than the oxygenated mono- 
terpenes due to its basic structure of a benzene ring and to the presence 
of a methoxy group. However, out of these constituents, estragole, cis- 
anethole, and trans-anethole were eluted among the oxygenated monoterpenes. 
With the EGS column, the elution sequence of the benzene derivative con- 
stituents was: estragole (b.p. 216°), cis-anethole, trans-anethole (b.p. 
236°), p-anisic acid (b.p. 275-280°), p-anisaldehyde (b.p. 248°), anisyl 
alcohol (b.p. 259°), eugenol (b.p. 253°) and anisy] acetone. 

In addition to the basic structure, estragole, cis-anethole and 
trans-anethole each have a double bond. However, estragole was found 
to be less polar than the anethole isomers because it has an isolated 
double bond whereas the anethole isomers have their double bond conjuga- 
ted with the benzene ring. Of the two anethole isomers, cis-anethole 


had a lower retention time than trans-anethole because the methyl group 
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123. 
in the cis-position in anethole imparts a greater steric hindrance to 


the polarity of the benzene ring than the same group in the trans- 
position. p-Anisaldehyde was eluted earlier than anisyl alcohol because 
the former has, besides the basic structure, a CHO group whereas the 
latter has an OH group. On the other hand, eugenol was retained for a 


longer period of time than anisyl alcohol, because,in addition to the 


OCH3 
OCH3 OCH3 CH2-CH=CH» 
p-Anisaldehyde Anisyl alcohol Eugenol 


basic structure, it has an OH and a double bond. Anisyl acetone was 


retained for the longest period of time among this group of compounds. 


COOH CHo-CH2-CO-CH3 


OCH3 OCH3 


p-Anisic acid Anisyl acetone 
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Besides the basic structure, anisy] acetone has a CO group which is 
less polar than an OH group. However, the factor which further contri- 
butes to its retention in the column is its molecular weight (anisy] 
acetone, 178; eugenol, 164). Finally, p-anisic acid appeared between 
trans-anethole and p-anisaldehyde, even though, bestdes the basic structure, 
it contains a COOH group which is known to be more polar than the 
CHO and OH groups. This fact indicates that the EGS column is less 


selective to the COOH group. 
2. Individual Essential Oils 
-a. Anise Seed 071 


The GLC of anise seed oi] from Brooks--1971 crop, Fig. 15, shows 
the separation of the components on the aged column. The peaks identi- 
fied in the chromatogram of this oi] were: a-pinene (1), a-pheliandrene 
(4), myrcene (5), limonene (6), fenchone (14), camphor (18), linalool 
(20), g-caryopnyllene (28), estragole (29), dihydrocarvyl acetate (33), 
cis-anethole (34), carvone (35), trans-anethole (38), p-anisic acid (44), 
anisyl alcohol (46), eugenol (51) and anisyl acetone (64). The major 
peak was 38 (trans-anethole) and the medium peaks were 6 (limonene), 29 
(estragote) and peaks 32, 37 and 63. Myrcene (5) and limonene (6) were 
not resolved, nor g-caryophyllene (28) and estragole (29). Peak 7 was 
slightly separated from limonene (6). Peaks 32, 33 (dihydrocarvyl ace- 
tate), 34 (cis-anethole), 35 (carvone), 36, 37 and 38 (trans-anethole) 
were bunched closely together. The separation of the constituents of 
anise oil from Michigan on the aged column is illustrated in Fig. 16. 

In this oil the medium peaks were peak numbers 6 (limonene) and 44 (p- 


anisic acid). Peaks 63 and 64 were not found in Michigan oil. The 
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peaks separated on the aged column were sharper in shape than those 
Separated on the fresh column. 

The chromatogram of anise oil from Brooks--1971 crop (Fig. 17) 
shows the separation of the constituents on the fresh column. The se- 
quence of elution of the components was different from that of the aged 
column. Myrcene (5) was separated from limonene (6), and g-caryophyllene 
(28) from estragole (29). Trae es Seta (29) and dihydrocarvy] 
acetate (33) were eluted as one peak and were not well separated from 
peak 37. Peak 7 was eluted together with peak 6 (limonene). Cis- 
anethole (34), carvone (35), peak 36 and trans-anethole (38) were wéll 
separated on this column. It took a longer time to run the complete 


chromatogram on the fresh column than on the aged column. 
b. Caraway Seed Oil 


The GLC separation of caraway seed oil from Brooks--1971 crop 
on the aged column is given in Fig. 18 and the separation on the fresh 
column in Fig. 19. The peaks identified in the chromatograms of caraway 
oils were: a-pinene (2), g-pinene (5), a-phellandrene (9), myrcene (10), 
limonene (11), a-thujone (23), g-thujone (24), camphor (26), linalool 
(28), g-caryophyllene (36), carvone (42) and trans-anethole (44). There 
were two major peaks, peak numbers 11 (limonene) and 42 (carvone) and 
one medium peak, 10 (myrcene). Peak 10 (myrcene) was separated from 
peak 11 (limonene) on the fresh column. Peak 43 was partially separated 
from peak 42 (carvone) on the aged column. Peak 9 (a-phellandrene) was 
well resolved from peak 11 (limonene) on the aged column. g-Caryophyllene 


(36) was well separated from peak 37 on the fresh column. 
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Gas-Liquid Chromatogram of Caraway Seed 011 on the 
Fresh Column (Brooks--1971 Crop). 


Gas Chromatograph: Bendix M 2500 with flame ionization 
detectors. 

Column: U-shaped glass 6'x1/8"I.D. packed with 15% EGS on 
Chromosorb P, AW, 100/120 mesh. 

Temperature: Programmed 50-195°C at 4°C/min. 

Carrier Gas: N2 60 ml/min; Chart Speed: 60 cm/hr; 
Sample Volume Injected: 1 ul. 


Peaks identified: (2)a-pinene, (5)8-pinene, (9)a-phellandrene, 
(10) myrcene, (11) limonene, (23)a-thujone, (24)g-thujone, 

(26) camphor, (28) linalool, (36)g-caryophyllene, (42) carvone, 
(44) trans-anethole. 
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The chromatogram of Danish dill seed oil from Brooks--1971 crop 
(Fig. 20) shows the separation of the constituents on the fresh column. 
The chromatogram of the constituents of dill prime oi] from Michigan on 
the aged column is illustrated in Fig. 21. The peaks identified in the 
chromatograms of dill oils were: a-pinene (1), camphene (2), 8-pinene 
(3), a-phellandrene (6), myrcene (7), limonene (8), p-cymene (12), 
carvone (31) and trans-anethole (35). The chromatograms of Danish and 
common dill seed oils from Brooks, showed three major peaks, 6 (a- 
phellandrene), 8 (limonene), and 31 (carvone), while that of dill prime 
and standard from Michigan revealed five major peaks: 6 (a-phellandrene), 
8 (limonene), 9, 20 and 31 (carvone). The medium peaks shown on the 
GLC of Danish and common dill seed oil were: 10 (1,8-cineol), 20 and 27 
while the medium peaks revealed on GLC of dill prime and standard oi] 
were: 1 (a-pinene), 12 (p-cymene) and 27. As usual, myrcene (7) was 


separated from limonene (8) on the fresh column. 
d. Fennel Seed 071 


The GLC separation on the fresh column of the constituents of 
fennel seed oil from Brooks--1971 crop, is given in Fig. 22. The fresh 
column GLC separation of the constituents of commercial fennel seed oil 
from Fritzsche is illustrated in Fig. 23. The peaks identified in the 


chromatogram of this oil were: a-pinene (4), camphene (7), 8-pinene (8), 
a-phellandrene (11), myrcene (12), limonene (13), 1,8-cineol (14), p- 


cymene (18), fenchone (27), a-thujone (29), camphor (31), borneol (41), 
estragole (42), cis-anethole (45), carvone (46), trans-anethole (49), 


p-anisic acid (58), anisyl alcohol (59) and eugenol (62). The 
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Gas-Liquid Chromatogram of Danish Dill Seed Oil on the 
Fresh Column (Brooks--1971 Crop). 


Gas Chromatograph: Bendix M 2500 equipped with flame 
ionization detectors. 

Column: U-shaped glass 6'x1/8"1I.D. packed with 15% EGS on 
Chromosorb P, AW, 100/120 mesh. 

Temperature: Programmed 50-195°C at 4°C/min. 

Carrier Gas: N2 60 ml/min; Chart Speed: 60 cm/hr; 
Sample Volume Injected: 1 ul. 


Peaks identified: (1)a-pinene, (2) camphene, (3)8-pinene, 
(6)a-phellandrene, (7) myrcene, (8) limonene, (9) 1,8-cineol, 
(12) p-cymene, (31) carvone, (35) trans-anethole 
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Fig. 22. Gas-Liquid Chromatogram of Fennel Seed Oi] on the 
Fresh Column (Brooks--1971 Crop). 


Gas Chromatograph: Bendix M 2500 equipped with flame 
ionization detectors. 

Column: U-shaped glass 6'x1/8"I.D. packed with 15% EGS on 
Chromosorb P, AW, 100/120 mesh. 

Temperature: Programmed 50-195°C at 4°C/min. 

Carrier Gas: No 60 ml/min; Chart Speed: 60 cm/hr; 
Sample Volume Injected: 1 ul. 


Peaks identified: (4)a-pinene, (7) camphene, (8)8-pinene, 
(11)a-phellandrene, (12) myrcene, (13) limonene, (14) 1,8- 
cineol, (18) p-cymene, (27) fenchone, (29)a-thujone, (31) 
camphor, (41) borneol, (42) estragole, (45) cis-anethole, 
(46) carvone, (49) trans-anethole, (58) p-anisic acid, 
(59) anisyl alcohol, (62) eugenol. 
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chromatograms of fennel seed oi1 from Brooks--1971 and 1972 crops showed 
three major peaks, limonene (13), fenchone (27) and trans-anethole (49) 
while that of fennel oil from Fritzsche revealed two major peaks, limo- 
nene (13) and trans-anethole (49). The medium peaks shown on the GLC of 
fennel seed oil from Brooks--1971 and 1972 crops were: a-pinene (4), 
myrcene (12), 17, camphor (31) and estragole (42) while the medium peaks 
identified in the chromatogram of fennel seed oil from Fritzsche were: 
fenchone (27), camphor (31), borneol (41), estragole (42) and p-anisic 
acid (58). The separation of myrcene (12) and limonene (13) in fennel 


seed oil] was achieved on the fresh column but not on the aged column. 
e. Peppermint Oil 


The GLC separation of peppermint oil from Michigan, Fig. 24, shows 
the separation of the constituents on the fresh column. The separation 
conditions were: temperature programmed from 60° to 150° at 1°/min and 
No flow rate, 30 ml/min. The GLC separation of the constituents of 
peppermint oil from Brooks--1970 crop under changed separation conditions 
on the fresh column is illustrated in Fig. 25, and on the aged column in 
Fig. 26. The separation conditions of these two chromatograms were: 
temperature programmed from 50° to 195° at 4°/min and N2 flow rate 60 ml/ 
min. The peaks identified in the peppermint oil chromatograms were: 
a-pinene (1), camphene (2), g-pinene (4), a-phellandrene (8), myrcene (9), 
limonene (10), 1,8-cineol (12), p-cymene (16), 3-octanol (24), mentho- 
furan (28), menthone (31), isomenthone (34), linalool (36), neomenthol 
(37), B-caryophyllene (38), menthyl acetate (39), neoisomenthol (40), 
menthol (42), isomenthol (43), pulegone (47) and piperitone (54). The 


GLC separation of the constituents of peppermint oils from Brooks, 
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Fig. 24. Gas-Liquid Chromatogram of Peppermint Oi1 on the 
Fresh Column (Michigan). 


Gas Chromatograph: Bendix M 2500 equipped with flame 
ionization detectors. 

Column: U-shaped glass 6'x1/8"I.D. packed with 15% EGS on 
Chromosorb P, AW, 100/120 mesh. 

Temperature: Programmed 60-150°C at 1°C/min. 

Carrier Gas: Ng 30 ml/min; Chart Speed: 20 cm/hr; 
Sample Volume Injected: 1 ul. 


Peaks identified: (1)a-pinene, (2) camphene, (4)8-pinene, 
(8)a-phellandrene, (9) myrcene, (10) limonene, (12) 1,8- 
cineol, (16) p-cymene, (24) 3-octanol, (28) menthofuran, 
(31) menthone, (34) isomenthone, (36) linalool, (37) neo- 
menthol, (38)g-caryophyllene, (39) menthyl acetate, (40) 
neoisomenthol, (42) menthol, (43) isomenthol, (47) pulegone, 
(54) piperitone. 
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Gas-Liquid Chromatogram of Peppermint Oi] on the Fresh 
Column (Brooks--1970 Crop). 


Temperature: Programmed 50-195°C at 4°C/min. 
Carrier Gas: No 60 ml/min; Chart Speed: 60 cm/hr; 
Sample Volume Injected: 1 ul. 


Peaks identified: (1)a-pinene, (2) camphene, (4)g-pinene, 
(8)a-phellandrene, (9) myrcene, (10) limonene, (12) 1,8- 
cineol, (16) p-cymene, (24) 3-octanol, (28) menthofuran, 
(31) menthone, (34) isomenthone, (36) linalool, (37) neo- 
menthol, (38)g-caryophyllene, (39) menthyl acetate, (40) 
neoisomenthol, (42) menthol, (43) isomenthol, (47) pulegone, 
(54) piperitone. 
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Gas-Liquid Chromatogram of Peppermint Oil on the 
Aged Column (Brooks--1970 Crop). 


Temperature: Programmed 50-195°C at 4°C/min. 
Carrier Gas: No 60 ml/min; Chart Speed: 60 cm/hr; 
Sample Volume Injected: 1 yl. 


Peaks identified: (1)a-pinene, (2) camphene, (4)8-pinene, 
(8)a-phellandrene, (9) myrcene, (10) limonene, (12) 1,8- 
cineol, (16) p-cymene, (24) 3-octanol, (28) menthofuran, 
(31) menthone, (34) isomenthone, (36) linalool, (37) neo- 
menthol, (38)g-caryophyllene, (39) menthyl acetate, (40) 
neoisomenthol, (42) menthol, (43) isomenthol, (47) pulegone, 
(54) piperitone. 
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Beaverlodge and Michigan showed two major peaks, menthone (31) and 
menthol (42). Seven medium peaks found on GLC of the Brooks and 
Michigan oils were: limonene (10), 1,8-cineol (12), menthofuran (28), 
isomenthone (34), neomenthol (37), g-caryophyllene (38) and menthy] 
acetate (39). Menthofuran was not a medium peak in Beaverlodge oils. 

The chromatogram of peppermint oil constituents under conditions 
given in Fig. 24 showed that myrcene (9) was resolved from limonene 
(10). Peak 12 (1,8-cineol) was eluted together with peak 13, peak 28 
(menthofuran) with 29 (an alcohol), peak 39 (menthyl acetate) with 40 
(neoisomenthol), and peak 47 (pulegone) with 48. The GLC separation 
of peppermint oil constituents as presented in Fig. 25 was slightly 
different from that of Fig. 24. In this separation, peaks 28 (mentho- 
furan) and 31 (menthone) were not well resolved, peak 38 (g-caryophyllene) 
was eluted after menthyl acetate and neoisomenthol and, in addition, the 
peaks were not resolved. Peak 47 (pulegone) was well separated from 
peak 48. The chromatogram of peppermint oi] on the aged column (see 
Fig. 26) showed that peak 12 (1,8-cineol) was partly resolved from peak 
13. In addition, menthofuran (28) was separated from peak 29 (an alco- 
hol); neomenthol (37) and neoisomenthol (40) were eluted together as 
one peak; peak 38 (g-caryophyllene) came out after peak 42 (menthol) and 
both peaks were not resolved; pulegone (47) appeared after g-caryophyllene 


(38) and peak 48 was eluted together with piperitone (54). 


f. Sage Oil 


A fresh column GLC separation of the constituents of sage oil 
from Kalamazoo, Michigan, is given in Fig. 27, and that of sage oil from 


Brooks--1971 crop in Fig. 28. The chromatogram on the aged column of 
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21 25 


Gas-Liquid Chromatogram of Sage Oil on the 
Fresh Column (Michigan). 


Gas Chromatograph: Bendix M 2500 equipped with flame 
jonization detectors. 

Column: U-shaped glass 6'x1/8"I.D. packed with 15% EGS on 
Chromosorb P, AW, 100/120 mesh. 

Temperature: Programmed 50-195°C at 4°C/min. 

Carrier Gas: ~No 60 ml/min; -Chartyspeed:™ 60 cm/hr; 
Sample Size Injected: 1 ul. 


Peaks identified: (1)o-thujene, (3) 
(6)g-pinene, (8)a-phellandrene, (10) myrcene, 
(13) 1,8-cineol, (17) p-cymene, (19) fenchone, 
(72\e-tnujone, (23) camphor. (25) }linaloo], (27 
acetate, (28)g-caryophyllene, (29) borneol, (33 
(a-caryophyllene). 


a-pinene, (5) camphene, 
(11) limonene, 

(21)a-thujone, 

) borny] 

) humulene 
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sage oil from Brooks--1972 crop is given in Fig. 29. The peaks identi- 


fied in the sage oi] chromatograms were: a-thujene (1), a-pinene (3), 
camphene (5), g-pinene (6), a-phellandrene (8), myrcene (10), limonene 
(11), 1,8-cineol (13), p-cymene (17), fenchone (19), a-thujone (21), 
g-thujone (22), camphor (23), linalool (25), bornyl acetate (27), 
g-caryophyllene (28), borneol (29) and humulene (a-caryophyllene) (33). 
The GLC separation of the constituents of sage oil from Brooks--1971 
crop showed five major peaks: 21 (a-thujone), 22 (g-thujone), 23 (cam- 
phor), 28 (g-caryophyllene) and 33 (humulene) while for the 1972 crop 
there were only four major peaks: 21 (a-thujone), 23 (camphor), 29 
(g-caryophyllene) and 33 (humulene). The GLC separation of the con- 
stituents of sage oil from Michigan revealed four major peaks: 5 (cam- 
phene), 13 (1,8-cineol), 21 (a-thujone) and 23 (camphor). The medium 
peaks for the chromatogram of sage oil from Brooks--1971 crop were: 

3 (a-pinene), 5 (camphene), 6 (g-pinene), 10 (myrcene), 11 (limonene), 
13 (1,8-cineol), 27 (bornyl acetate) and 29 (borneol); while for the 
1972 crop the medium peaks were: 3 (a-pinene), 5 (camphene), 6 (8-pinene), 
11 (myrcene), 10 (limonene), 13 (1,8-cineol), 22 (g-thujone), 27 (borny] 
acetate), 29 (borneol) and 54. The GLC separation of the constituents 
of sage oil from Michigan gave seven medium peaks: 3 (a-pinene), 11 
(limonene), 22 (g-thujone), 27 (borny] acetate), 28 (g-caryophyllene), 
29 (borneol) and 33 (humulene). 

The chromatogram of sage oi] on the fresh column (see Fig. 27) 
showed that peak 10 (myrcene) was separated from peak 11 (limonene). 
However, peaks 21 (a-thujone) and 22 (g-thujone) were not resolved nor 
were 23 (camphor) and 25 (linalool), 27 (bornyl acetate) and 28 (g- 


caryophyllene), or 29 (borneol) and 33 (humulene). The GLC separation 
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of sage oil on the fresh column (see Fig. 28) revealed that peak 1 
(a-thujene) was separated from peak 2, and peak 3 (a-pinene) from peak 
4, Peak 9 was partly separated from peak 10, as was peak 13 from 14, 
and peak 21 (a-thujone) from 22 (g-thujone). However, peak 9 (myrcene) 
was eluted almost as one peak with peak 11 (limonene). Camphor (23) 
and linalool (25) were eluted as one peak, as were borny] acetate and 
8-caryophyllene (28), and borneol (29) and humulene (33). The chroma- 
togram of sage oil in Fig. 29 shows that peak 1 (a-thujene) was eluted 
together with peak 2, peak 3 (a-pinene) with 4, peak 10 with 11, and 
peak 21 (a-thujone) with 22 (g-thujone). Peak 13 (1,8-cineol) was 
partly separated from peak 14 and peak 28 (g-caryophyllene) from 29 
(borneol). Camphor (23) was separated from linalool (25), as was bornyl 


acetate (27) from&caryophyllene (28) and borneol (29) from humulene (33). 
3. Composition of Essential Oils 
a. Anise Seed 011 


The percentage composition of anise seed oils from Brooks--197] 
and 1972 crops and Kalamazoo, Michigan and the retention times of the 
identified constituents relative to trans-anethole, the major and most 
important constituent in anise oil, are shown in Table 22. The number 
of identified constituents was sixteen for Brooks--1971 crop, twelve for 
the 1972 crop and fifteen for Michigan, with the corresponding percen- 
tages of these constituents being 74.71, 84.56 and 90.48. The number 
of unidentified constituents for Brooks--1971 and 1972 crops and 
Michigan were twenty-three, eleven and nineteen, respectively, with 
corresponding percentages of 25.29, 15.50 and 9.72. The number of trace 


constituents was fifteen for Brooks--1971 crop, ten for the 1972 crop, 


.(8t) stot onyt morvt{eS) foanved bas (8S) oneT Fusqoyts>-4 mort (XS) 9 


i two, Sudd bef sever es 
Ys9qg mort (snentq~) pty 

Af mit Ef feaq 2ow 26 , 07 fq 
(asoven) @ Xedq , sevowoll mae banal ts lee pees 
(8) noriqme’ (ensnomit) 1 aseq Astw eq ano 26 J20nts b 
bap sisted Intod avew 26 d8aq ano a beduts stew (28) root 
~smorty oAT (26) enefpuudt baa (8) fosmrod bas , (8S) onaff mrt 
beguls eow Canatudt=o) f déeq todd zwore @S .pta at Tho p62 vo 
bre ot attw OF deeq ,b AdTW ( andrttiqen) £ dese 3 deaq Adtw + 
saw (foentoot,t) ef dae? . Cangiudd-¥) SS At tw (enotuadsah Is fast 


e. ; 


cit 


@¢ post (onetf aigowrss~4) 38 dseq bas MM dwsq mont bajaveqa2 4th 
hel 
iyo zaw a6 |, (28) Footer! most betéangae 2ow (£8) vorquied pret c 


attO fetinse23 to notdtzoqmo) a) 


| a 
FLO bese sztoA. .B. 
PWi--slowyd wor? 2ito bawe saline Yo npttheoquus agetnazteg OAT 
44 to zemtd aofinecen oft bas nepiforl ,cosemelet bas eqows ster Ds 
tgom bine open ot .skedtons-ensit of avigelat eimauatsenca bot ttitoabl 
yediwh af! 8 SfdeT at awaile ai . Tho satis nt Insushyenos 4 om ” 
WoW evant ,qory MOl--2dnord wt ioeante saw esmeut tenes este - | 
-ngotaq patbreqzsvios add td tw _mag rior fol nese Ph? bits qo) sven s 
vadmun shiv =. 8,08 bie a, 08 f\.o% pried stasuttienos seent 7 a y 
be agers STE ine: INOF>~eleora 10% adveudiivenes: balthta i 
Atty « \FavirsoayenT. cnastonia bee naveta Jamil peabaal 
apa) Yo vadmun SMT SViR bre D2,EF OS .0S tore ee 
A gents SN8F. AE ao ney jor: MET--esoortl neh. et ae ‘ 


wv i 


1S ie es a4 rn af 7 in fe 


146. 
TABLE 22 
THE COMPOSITION IN PERCENT OF ANISE SEED OIL 


S88 2.0 oe rr 


Retention World Market Oi] 
Time (trans- Brooks, Alta. Crop (Kalsec Int., 

Constituent Anethole=1.00)* 1971 1972 Kalamazoo, Mich) 
trans-anethole 1.00 5/ 342 v5 | 7228 
cis-Anethole 0.9] 1.80 1.06 2.46 
Anisyl alcohol 123 0.24 0.45 0.92 
Anisyl acetone Hed ies 0.34 0.87 
p-Anisic acid 120 0.16 O36 ANSZ 
Camphor 0.69 0.28 RS 0.20 
Carvone 0.93 FES ANS E35 2.05 
8-Caryophyllene 0.84 eee 0.84 023 
Dihydrocarvyl-acetate 0.91 1.43 0.88 0.4] 
Estragole 0.84 4.5] 4.03 1.04 
Eugenol 1.35 Oim2 0.18 0.60 
Fenchone 0.58 0.00 0.00 (pee) 
Limonene 0.34 3.96 0.00 4.90 
Linalool OF Uso 0.18 0.18 
Myrcene Ox3d 0.24 0.00 
a-Phellandrene O31 0537 0.00 0.35 
a-Pinene 0.19 O8lzZ 0.00 0.09 
TOTAL: 

Number of Identified 

Constituents 16 12 15 

Corresponding % 74.71 84.56 90.48 

Number of Constituents 

Unidentified a3 1] 19 

Corresponding % Comes 100 Dale 

Number of Constituents 

Present in Traces Ihe 10 7 

Monoterpene hydrocarbons 6.24 0.30 6.39 

Monoterpene alcohols O535 0.18 0.18 

Monoterpene ketones 2.43 0.50 2./9 

Sesquiterpene hydrocarbons bees 0.84 Uno 

Benzene related constituents 64.59 B20 Sie 57. 


*GLC separation data as on Fig. 15 
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and seven for Michigan. 


In anise seed oil the percentages of monoterpene hydrocarbons 
were 6.24 for Brooks--1971 crop, 0.30 for the 1972 crop and 6.39 for 
Michigan. Only a small amount of monoterpene alcohols was found in 
anise oil: 0.35% for Brooks--1971 crop, 0.18% for the 1972 crop and 0.18% 
for Michigan. The highest amount of monoterpene ketones was in Michigan 
oil (2.75%), followed by Brooks--1971 oi] (2.43%) and the 1972 oil (0.50%). 
The sesquiterpene hydrocarbons were present only in small amounts in an- 
ise oil: 1.22% for the Brooks--1971 crop, 0.84% for the 1972 crop and 
0.23% for the Michigan oil. In contrast to the small amount of these 
terpene constituents anise oi] contained a high amount of benzene related 
constituents. The most important and only major oil constituent is 
trans-anethole which amounted to 57.42% in Brooks--1971 crop, 75.21% 


in the 1972 crop and 72.23% in Michigan oil. 
b. Caraway Seed Oi] 


The percentage composition of the caraway seed oils from Brooks-- 

1971 crop and Kalamazoo, Michigan and retention times of the identified 
constituents relative to carvone, the most important constituent in 
caraway oil, are shown in Table 23. The number of identified constitu- 
ents was eleven for Brooks oil and eight for Michigan 011, and the cor- 
responding percentages of these constituents were 93.92 and 92.47. The 
number of unidentified minor consituents was twenty-three for Brooks 

oil and nine for Michigan oil and their corresponding percentages were 
6.11 and 7.45 There were thirteen trace constituents for Brooks oil 


and twelve for Michigan oi]. 
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TABLE 23 
THE COMPOSITION IN PERCENT OF CARAWAY SEED OIL 


——————eIeeeEeeeeeeeeeee ee 


World Market Oi] 


Retention Time Brooks, Alta. Michigan 

Constituent (Carvone=1.00)* Crop (Kalsec Int., Kalamazoo) 
trans-Anethole 1305 0.6] 0.82 
Camphor OL 72 0.09 0.0 
g-Caryophyllene 0.88 17 Paley 
Carvone 1.00 38879 45.62 
Limonene 507 48.77 43.17 
Linalool O77 0.2] 0.0 
Myrcene Onsz 2040 0.77 
a-Phel landrene OFS3 0.28 0.08 
a-Pinene OEE 0.36 0213 
6-Pinene 0.26 0231 0.10 
a-Thujone 0.69 0.82 0.0 
8-Thujone 0.70 0.18 Ooi 
Toth: 

Number of Identified 

Constituents iz 9 

Corresponding % 93.99 92.47 

Number of Minor Constituents 

Unidentified 73 17 

Corresponding % eel] 7.45 

Number of Constituents 

Present in Traces 13 12 

Monoterpene hydrocarbons 54.17 45.5] 

Monoterpene alcohols 0.2] 0.00 

Monoterpene ketones ("carvone") 39.88 45.73 

Sesquiterpene hydrocarbons pau! 1.67 

Benzene related constituents 0.6] 0.82 
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*GLC separation data as on Fig. 19 
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In caraway oi] the amount of monoterpene hydrocarbons was higher 
in oi] from Brooks (54.17%) than that from Michigan (45.51%). There 
were no monoterpene alcohols identified in oil from Michigan, however 
there was 0.21% in oil from Brooks. The percentage of monoterpene ke- 
tones was higher in Michigan caraway oil (45.73%) than in Brooks oil 
(39.88%). The oil from Brooks had a smaller amount of sesquiterpene 
hydrocarbons (1.17%) than that from Michigan (1.67%). Unlike anise 
oil, caraway oil had only a small amount of benzene related constitu- 
ents:. 0.61% for Brooks and 0.82% for Michigan. 

The two major and important constituents of caraway seed oil 
are carvone and limonene; their respective percentages were 38.79 and 


48.77 for Brooks oil and 45.62 and 43.17 for Michigan oil. 
Cy otto) 


The percentage composition of dill seed oils from Brooks--197] 
crop and dill herb oils from Kalamazoo, Michigan and the retention times 
of the identified constituents relative to carvone, one of the major 
and important constituents of dill oil, are given in Table 24. The 
three oils analyzed from Brooks were: dill sample A, dill sample B and 
Danish dill, and the two oils from Michigan were: dill standard and dill 
prime. There were ten identified constituents for dill oils from Brooks 
and nine for dill oils from Michigan. The percentages of these identi- 
fied constituents were 94.29 for sample A, 94.26 for sample B, 90.14 for 
Danish dill, 89.27 for di1l- standard and 87.82 for dill prime. The 
number of unidentified constituents was fourteen for dill sample A, twelve 
for dill sample B, fifteen for Danish dill, sixteen for dill standard 


and fourteen for dill prime and the corresponding percentages of these 
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consi ituventsiwere 5.66, 5./7, 9.93, 10,74.and)12.18. Dill samplevA 
had twelve trace constituents, dill sample B nine, Danish dill eight, 
dill standard thirteen, and dill prime thirteen. 

The dill oil contained a high percentage of monoterpene hydro- 
carbons: 44.62 in dill sample A, 48.46 in dill sample B, 47.66 in 
Danish dill. 56.99 in dill standard, and 51.74 in dild prime. The 
amounts of monoterpene alcohols in the dill oils were:0.68% dill sample 
A, 0.68% dill sample B, 3.42% Danish dill, 5.86% dill standard, and 
6.87% dill prime. The only monoterpene ketone identified in dill oil 
was carvone. The amounts of benzene related constituents in dill oils 
were: 1.06% in dill sample A, 0.67% in dill sample B, 1.20% in Danish 
da Ween 97 in dill standard and 1.35%.1n dill prime. 

There are three important constituents in dill o7i1, namely car- 
vone, limonene and a-phellandrene. The carvone content was 48.46% in 
sample A, 44.92% in sample B, 43.26% in Danish dill, 30.39% in dill 
standard and 29.46% in dill prime. The amount of limonene was 38.27% 
in sample A, 40.82% in sample B, 33.11% in Danish dill, 37.62% in dill 
standard and 26.04% in dill prime. Dill oil contained a higher percen- 
tage of a-phellandrene than other essential oils analyzed: 4.30 for 
sample A, 4.96 for sample B, 9.66 for Danish dill, 18.03 for dill 


standard and 22.50 for dill prime. 
d. Fennel Seed Oi] 


The percentage composition of fennel oils from Brooks--1971 and 
1972 crops, and from Fritzsche, and the retention times of the identi- 
fied constituents relative to trans-anethole, the most important and 


a major constituentof fennel oil, are shown in Table 25. The number of 
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TABLE 25 
THE COMPOSITION IN PERCENT OF FENNEL SEED OIL 


i 


Retention World 
Time (trans- Brooks, Alta. Crop Market Oi] 

Constituent Anethole=1.00)* 1971 1972 (Sriczocneanalas 
cis-Anethole 0493 0.43 0.58 0.43 
trans-Anethole 1.00 39.19 68.90 57515 
Anisyl alcohol | 0.0 0.0 0.71 
p-Anisic acid is 0.14 0.0 ont9 
Borneol 0.84 Oel2 0.0 2.42 
Camphene E25 Ooo 0.0 0.24 
Camphor 0.68 355 0.60 4.31 
Carvone 0.94 0.79 0.0 0.0 
1,8-Cineol 0.38 ele 0.69 0.0 
p-Cymene 0.43 0.34 0732 0.0 
Estragole 0.85 4.08 6.09 4.18 
Eugenol Te2g 0.18 0.0 0.0 
Fenchone 203 T6nlzZ 10283 4.3] 
Limonene 0.36 W278 8.29 18.96 
Myrcene 0.35 2.05 0.81 0.0 
a-Phellandrene Gass 0.43 0.18 0.0 
a-Pinene 0.20 2.28 0.54 0.0 
g-Pinene Oey, 0.45 Os25 0.0 
a-Thujone 0.65 1.08 Oe Owl 
Total: 

Number of Identified 

Constituents 18 13 11] 

Corresponding % 92.46 98.23 96.61] 

Number of Minor Constituents 

Unidentified 20 3 9 

Corresponding % TER VE Writs eas 

Number of Constituents 

Present in Traces 1] 1] ) 

Monoterpene hydrocarbons 30.45 12.04 19.68 

Monoterpene alcohols De lhe 0.00 Oe 

Monoterpene ketones 20.8] 15s 4.3] 

Benzene related constituents 44.36 75,89 66.26 


ae Ie aE htt RD A DIE ae Lt a OD Se EEeene 
*GLC separation data as on Fig. 22 
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154. 
identified constituents was eighteen for Brooks--1971 crop, thirteen for 
the 1972 crop and eleven for Fritzsche oil, and the corresponding per- 
centages were 92.46, 98.23 and 96.61. The number of unidentified minor 
constituents was twenty for Brooks--1972 crop, five for the 1972 crop 
and nine for Fritzsche with corresponding percentages of 7.57, 1.77 and 
3.33. Both fennel oils from Brooks contained 11 trace constituents, 
while fennel oil from Fritzsche had only five trace constituents. 

Fennel oil from Brooks--1971 crop had the highest amount of mono- 
terpene hydrocarbons (30.45%) followed by fennel oil from Fritzsche 
(19.68%) and oil from Brooks--1972 crop (12.04%). The only monoterpene 
alcohol identified in this oi] was borneol which amounted to 0.12% in 
oil from Brooks--1972 crop and 2.42% in oil from Fritzsche. The highest 
amount of monoterpene ketones was in fennel oi1--1971 crop (20.81%), 
followed by oi1--1972 crop (11.58%) and commercial oil from Fritzsche 
(4.31%). Fennel oil contained a high amount of benzene related consti- 
tuents: 44.36% in fennel oi1.1971, 75.89% in fennel o11 1972 and 66.262 
in fennel oil, Fritzsche. 

The important constituents of fennel seed oil are trans-anethole 
and fenchone. Their corresponding percentages were 39.19 and 16.12 for 
Brooks--1971 crop, 68.90 and 10.83 for 1972 crop, and 57.15 and 4.31 
for fennel oil from Fritzsche, N.Y. The other major constituent in 
fennel oil is limonene which amounted to 19.78% in Brooks--1971 crop, 


8.29% in the 1972 crop and 18.96% in the oil] marketed by Fritzsche. 


e. Peppermint 011 


The percentage composition of the leaf peppermint oils from 


Brooks--1970 crop, Beaverlodge--1973 crop and Michigan (Hotchkiss, Lyons, 
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N.Y.) is given in Table 26. The peppermint oil samples from Brooks 
were obtained at five stages of growth: stage I (bud stage-harvested 
August 1), stage II (beginning of blooming-harvested August 8), stage 
III (75% blooming-harvested August 22), stage IV (full bloom-harvested 
August 29) and stage V (end of blooming-harvested September 12). The 
peppermint oils from Beaverlodge were designated sample A and sample B. 
The table also includes the retention times of the identified consti- 
tuents relative to menthol, which is the major and the most important 
constituent of peppermint oil. 

The number of identified constituents was sixteen in the 
Beaverlodge peppermint oils and twenty-one in the other oils. The 
percentage of identified constituents was: for Brooks, 93.64 in stage 
fy 4 im stage 11, 93.61 in stage LIT. 91282 ins stage 1V and 193205 
in stage V; for Beaverlodge, 99.08 in sample A and 96.02 in sample B; 
and 92.34 for Michigan oil. The unidentified minor constituents were: 
fourteen for stage I, thirteen for stage II, twenty-one for stage III, 
thirteen for stage IV, fifteen for stage V, four for sample A, nine for 
sample B and thirteen for Michigan oil, and their respective percentages 
weren /. 60) 7.907205, 7.915, 6.71, 2.14, 6:40 and 7.6/7.5 ihe number 
of the trace constituents was twenty in stage I, twenty-one in stage II, 
thirteen in stage III, twenty-one in stage IV, eighteen in stage V, 
twelve in sample A, eight in sample B and nineteen in Michigan oil. 

Peppermint oil had a low amount of monoterpene hydrocarbons: 
8.76% in stage I, 7.60%-in stage 11, 7.022 in stage Ill, 7.77% in stage 
IV, 8.07% in stage V, 0.15% in sample A, 0.0% in sample B and 6.79% in 


Michigan oil. Of the six essential oils analyzed, peppermint oi] con- 
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158. 
tained the highest amount of monoterpene alcohols. The amounts of 
these monoterpene alcohols were: 42.24% in stage I, 46.52% in stage II, 
91.01% in stage III, 52.10% in stage IV, 54.14% in stage V, 60.26% in 
sample A, 62.42% in sample B and 53.10% in Michigan oi]. The amounts 
of monoterpene ketones were: 37.95% in stage I, 34.77% in stage II, 31.44% 
in stage III, 27.84% in stage IV, 25.77% in stage V, 31.54% in sample A, 
24.79% in sample B and 24.15% in Michigan oi]. The only sesquiterpene 
hydrocarbon found in peppermint oi] was g-caryophyllene which amounted 
tO4 5, 0025 ing stage 1,,J.80% in. stage.11, 1.65%.in. stage 1IT,, 1.77%. in 
stage IV, 1.67% in stage V, 0.76% in sample A, 0.00% in sample B and 
2.26% in Michigan oil. 

The two major and important constituents of peppermint oil are 
menthol and menthone. In Brooks peppermint leaf oils menthol content 
increased from 32.62% at the bud stage to 44.18% at the end of flowering. 
The amounts of menthol in Beaverlodge oils A and B and Michigan oil 
were: 53.83%, 58.94% and 42.76%, respectively. The menthone content in 
Brooks peppermint leaf oi] decreased from 32.62% at the bud stage to 


21.24% at the end of flowering. The amounts of menthone in Beaverlodge 
oils A and B and Michigan oil were: 26.24%, 11.85% and 19.35%, respec- 


tively. 

The esterified menthol, menthyl acetate, and menthofuran are 
two additional important constituents in peppermint oi]. The amounts 
of menthy] acetate and menthofuran were, respectively, 2.07% and 1.52% 
in stage I, 2.39% and 1.07% in stage II, 2.69% and 0.90% in stage II, 
2.79% and 1.73% in stage IV and 2.83% and 2.89% in stage V, 1.03% and 
0.54% in sample A, 1.29% and 0.49% in sample B, and 5.56% and 2.00% in 


Michigan oil. There was only a small amount of benzene related consti- 
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tuents present in peppermint oil: 0.47% in stage I, 0.45% in stage II, 
0.50% in stage III, 0.38% in stage IV, 0.33% in stage V, 0.99% in 
sample A, 0.00% in sample B and 0.38% in Michigan oil. 

The percentage composition of the peppermint stem oils from 
Brooks is given in Table 27. The samples were obtained from three 
stages of growth: stage I (bud stage-harvest August 1), stage III (75% 
blooming-harvested August 22) and stage V (end of blooming-September 12). 
The number of identified constituents was twenty-one for both stage I 
and stage III and nineteen for stage V, and their respective percentages 
were: 93.46, 92.67 and 94.44. The unidentified minor constituents were: 
thirteen for stage I, twenty-one for stage III and eleven for stage V, 
with corresponding percentages of 6.71, 7.24 and 5.55, respectively. 
Stage I contained 6.17% monoterpene hydrocarbons, stage III 5.36% and 
stage V 6.40%. The peppermint stem oi] had a higher amount of monoter- 
pene alcohols than the leaf oil: 48.64% in stage I, 44.32% in stage III, 
and 69.67% in stage V. On the other hand, the amount of monoterpene 
ketones was lower in the stem oi] than in the leaf oil: 27.77% in 
stage I, 32.67% in stage III and 13.01% in stage V. The amounts of 
sesquiterpene hydrocarbons were: 2.59% in stage I, 5.33% in stage III 
and 2.16% in stage V. The menthol content in stem oil was: 41.80% in 
stage I, 39.90% in stage III and 63.95% in stage V. The amounts of 
menthone were 22.92% in stage I, 27.25% in stage III and 9.66% in stage 
V. The percentage of menthyl acetate was higher in the stem than the leaf: 
2.63% in stage I, 3.03% in stage III and 3.31% in stage V. The mentho- 
furan content was 2.04% in stage I, 1.28% in stage III and 0.60% in 
stage V. The amount of benzene related constituents in stem oil was: 


0.32% in stage I, 0.50% in stage III and 0.58% in stage V. 
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TABLE 27 
THE COMPOSITLON IN PERCENT OF PEPPERMINT STEM OIL 


_— 


Brooks, Alta. 


Constituents I PEt V 
Camphene Oses, 0°15 G26 
g-Caryophyllene 2259 iva 116 
1,8-Cineol eile Boo 2.16 
p-Cymene Oise 0.50 0.58 
Isomenthol 1.94 0.81 1.20 
Isomenthone 2.99 3.71 Tov 
Limonene 0.98 12] 0.64 
Linalool 0.74 0731 0.50 
Menthofuran 2.04 1.26 0.60 
Menthol 41.80 39.90 63.95 
Menthone 2enge EES 9.66 
Menthyl acetate 2a03 3.03 Se] 
Myrcene O03 0.22 0.78 
Neoisomenthol O26 0.43 i eens: 
Neomenthol 3.90 2.0! ead. 
3-Octanol G265 Chee 0.85 
a-Phellandrene 0432 OER 0257 
a-Pinene 0.27 (ORS Os 7 
g-Pinene 257 0.61 0.46 
Piperitone 0.94 eee 0.96 
Pulegone 0.92 0.49 0.68 
Total: 
Number of Identified 
Constituents 21 21 2 
Corresponding % 93.46 92.67 94.44 
Number of Minor Constituents 
Unidentified 13 21 il 
Corresponding % Onl 7.24 bos 
Monoterpene hydrocarbons Bild, 5250 6.40 
Monoterpene alcohols 48.64 Aas 32 69.67 
Monoterpene ketones CASTE caer) 13.01 
Sesquiterpene hydrocarbons 2459 aye er) anh) 
Esterified "Menthol" YAS) oes oe) 
Menthofuran 2.04 lee rass 0.60 
Benzene related constituents 0.32 Uyou 0.58 
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f. Sage Oil 


The percentage composition of sage oils from Brooks--1971 and 
1972 crops and from Kalamazoo, Michigan and the retention times of the 
identified constituents relative to camphor, which is one of the major 
constituents in sage oil, are shown in Table 28. The number of iden- 
tified constituents in these three sage oils was 20 and the percentages 
of these identified constituents were 86.48 for Brooks--1971 crop, 82.96 
for the 1972 crop and 94.20 for Michigan sage oil. The number of uniden- 
tified minor constituents and the corresponding percentage were twenty- 
seven and 13.15% for 1971 sage; twenty-eight and 15.83% for 1972 sage; 
and fifteen and 6.36% for Michigan sage oil. There were 13 trace con- 
stituents in both Brooks sage oils but no trace constituents in Michigan 
O1lk 

Sage 0i1--1971 crop contained 21.77% monoterpene hydrocarbons, 
Sage 0i1--1972 crop 15.02% and Michigan sage oil 20.23%. The amount 
of monoterpene alcohols was 8.95% in sage oil--1971 crop, 9.67% in sage 
0i1--1972 crop and 15.23% in Michigan oil. The percentage of monoter- 
pene ketones was 37.5] in sage oil--1971 crop, 34.08% in sage oil--1972 
crop and 49.50 in Michigan sage oil. The amount of monoterpene esters 
was 2.70% in sage oil--1971 crop, 3.69% in sage oil--1972 crop and 2.97% 
in Michigan sage oil. Of the six essential oils analyzed, sage oil con- 
tained the highest amount of sesquiterpene hydrocarbons: 20.79% in sage 
oil--1971 crop, 25.78% in sage oil--1972 crop, and 10.03% in Michigan 
oil. Like peppermint, caraway and dill oils, sage oi] contained small 
amounts of benzene related constituents: 0.16% in sage oil--1971 crop, 


0.12% in sage oi1--1972 crop and 0.16% in Michigan oil. 
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TABLE 28 


THE COMPOSITION IN PERCENT OF SAGE OIL 


Retention Time 


1624 


World Market Oi] 


Brooks, Alta. Crop (Kalsec Int., 


Constituent (Camphor=1.00)* 1971 1972 Kalamazoo, Mich. ) 
Borneol ta20 1257 2.41 4.29 
Borny] acetate sa rages) ong Ze0S 
Camphene 0.29 SLIP Sia), 7.24 
Camphor 1.00 8.34 10.31 25300 
g-Caryophyllene dow! 1007 9.34 4.55 
Cineol (1,8) 0.50 5.69 3.43 10.00 
p-Cymene 0759 0.16 Omi 0.16 
Estragole ieeg 0.34 0.43 0.43 
Fenchone 0.79 Ome 0.07 0.23 
Humu lene eacae 13.12 16.44 5.48 
Limonene 0.47 2.99 1225 Vege) 
Linalool 1205 0.68 Pale 0.54 
Myrcene 0.47 1258 ec OF ey 
a-Phellandrene 0.44 0.19 Omin OS 
a-Pinene 0.26 4.56 Sey 3.41 
g-Pinene 0.34 3.68 ee00 (eats 
a-Thujene Orcs 0.60 353 0.84 
a-Thujone 0.89 CAeOS 20.47 19.95 
8-Thujone 0.92 7255 3425 Soe 
Total: 
Number of Identified 
Constituents 19 19 19 
Corresponding % 86.48 82.96 94.20 
Number of Minor Constituents 
Unidentified rae | 28 is) 
Corresponding % Ucisey/ We23 6107 
Number of Constituents 
Present in Traces 13 18 0 
Monoterpene hydrocarbons Aled 15502 20 Sa3 
Monoterpene alcohols 8.95 S67, joeze 
Monoterpene ketones oho 34.08 49.50 
Monoterpene esters eae eks| Seat) 2.63 
Sesquiterpene hydrocarbons AU ES. 25.18 10.03 
Benzene related constituents 0.16 OstZ 0.16 


*GLC separation data as on Fig. 29 
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163, 
The most important constituent in sage oi] is thujone (a- and 
6-), which amounted to 29.06% in sage oil from Brooks--1971 crop, 23./0% 


from the 1972 crop oil] and 23.67% from Michigan oil. 


E. Biochemical Changes in Composition During the 
Growth Period of Peppermint Herb 


The percentages of the four most important constituents of 
peppermint oil from Brooks in relation to the stages of growth, together 
with the biochemical relationships of the major monoterpenes in mint 
plant, as outlined by Waller (1970), are shown in Fig. 30. The four 
constituents plotted in this figure are menthol, menthone, menthy] ace- 
tate and menthofuran. Menthol and menthone are plotted from data for 
both leaf and stem oils, whereas data on menthyl acetate and menthofur- 
an are only from the leaf oils. The amount of menthol, both in the 
stem and the leaf, increases as the plant grows. In the leaf, the 
amount of menthone decreases steadily as the plant matures but in the 
stem in increases slightly at stage III (75% blooming) and decreases 
drastically at the end of flowering. Menthyl acetate content of the 
leaf increases steadily as the plant matures. This coincides with the 
increase of menthol in the leaf. These data are in agreement with the 
biochemical relationship between menthone, menthol and menthyl acetate 
as proposed by Waller (1970). As the plant grows menthone is reduced 
to menthol which is then esterified slowly to menthyl acetate. In the 
case of menthofuran, its content decreases up to stage III (75% bloom- 
ing) and then increases as the plant produces more flowers. 

The percentage composition of neomenthol, isomenthone, piperi- 


tone and pulegone in the stem and the leaf of peppermint plant from 
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Fig. 30. Biochemical Changes in Composition During the Growth Period 
of Peppermint Herb. 
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Brooks in relation to the stages of growth, together with biochemical 
relationships of the major monoterpenes in mint plant, according to 
Waller (1970), are given in Fig. 31. The neomenthol content of the 
stem decreases with plant maturity, however, in the leaf it decreases 
slightly up to the stage II and then increases with the plant growth. 
The isomenthone content of the stem increases up to stage III and then 
decreases as the plant matures. In the leaf, the isomenthone content 
decreases up to stage II (beginning of blooming), increases to stage 
III (75% blooming) and then decreases again until the end of flowering. 
The amount of piperitone in both the stem and leaf increases slightly 
with plant growth. The pulegone content of the leaf increases up to 
stage III (75% blooming) and then decreases as the plant matures, 
while the opposite is true in the stem where it decreases up to stage 


III and then increases until the end of flowering. 


F.. significant Constituent Ratios for Peppermint Oil 


The significant constituent ratios for peppermint oil (accord- 
ing to Smith and Levi, 1961) from Brooks, Beaverlodge and Michigan, are 
given in Table 29. The ratio of monoterpene hydrocarbons plus 1,8- 
cineol to the total amount of constituents is designated as ratio A. 

The value of ratio A in the leaf peppermint oil from Brooks ranged from 
0.109 at the beginning of blooming to 0.121 at full bloom. The stem 
peppermint oil had comparatively lower values of ratio A which decreased 
from 0.102 at the bud stage to 0.066 at the end of blooming. The value 
of ratio A for Beaverlodge samples A and B, and Michigan oils was 


0,040, 0.43 and 0.091, respectively. 
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Fig. 31. Biochemical Changes in Composition During the Growth Period 
of Peppermint Herb. 
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TABLE 29 
SIGNIFICANT CONSTITUENT RATIOS FOR PEPPERMINT OILS 


Percentage Ratio 


A B C 
Terpenes* 
All Menthone _ Limonene 

Sample Constituents Tsomenthone 1,8-Cineol 
BROOKS, ALTA. 

Leaf 
Bud Stage 0.116 9.35 Oi.32 
Beginning of 

Blooming 0.109 Orde. Ost 
Blooming 75% O16 (eth eed 
Full Bloom O12! 8.02 0.30 
End of Blooming Onis URO9 0.40 

Stem 
Bud Stage 0.102 ie ev O17 
Blooming 75% 0.090 deed. 0.23 
End of Blooming 0.066 500 Dee | 
BEAVERLODGE, ALTA. 
Sample A 0.040 7.93 0.04 
Sample B 0.043 Z<69 0.00 
MICHIGAN 0.091 Sete Ono, 


(Hotchkiss, Lyons, N.Y.) 
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Significant Constituent Ratios 
Table 29, Page 2 (continued) For Peppermint Oils 


a 


Percentage Ratio 


D E F G 
"Menthone 
Related 
Menthofuran "Menthol Constituents" 
"Menthone Neomenthol Related "Menthol 
Related Menthy | Constituentst" Related 
Constituentst+" Acetate Neomenthol Constituents" 
0.040 1.69 Le 07 0.97 
0.018 1.24 14,53 0.78 
0.029 126 14.09 0.64 
0.063 12s 14.08 0.5/7 
Ceruy 116 15.65 0.52 
0.074 1.48 12295 0.55 
0.040 0.95 16.39 0.69 
0.050 0.84 26.09 0.17 
0.02 7.90 10.57 0.49 
0.02 Zena 20.45 0.26 


0.081 O70 i200 0.45 


*"Terpenes": principal constituents emerging prior to and including 
1,8-cineol (a-pinene, camphene, g-pinene, limonene and 1,8-cineol ) 
+"Menthone related constituents": menthofuran, menthone and isomenthone 

+"Menthol related constituents": neomenthol, menthol, menthyl acetate, 
isomenthol and neoisomenthol 
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The ratio of menthone to isomenthone is designated as ratio B. 
The leaf peppermint oi], with relatively higher values of ratio B than 
the stem oil, had values ranging from 7.59 at the end of blooming to 
9.77 at the beginning of blooming. The ratio B values for the stem 
peppermint oil decreased from 7.67 at the bud stage to 5.65 at the end 
of blooming. The values of ratio B for Beaverlodge, samples A and B, 
and for Michigan oil were: 7.93, 2.69 and 5.81, respectively. 

The ratio of limonene to 1,8-cineol is designated as ratio C. 
In the leaf oil, the C:ratio values were between 0.27 at 75% blooming 
and 0.40 at the end of blooming, while the stem oi] values were lower 
than those of the leaf oil and ranged between 0.17 at the bud stage 
to 0.23 at 75% blooming. The ratio C for Michigan oi] was 0.37. The 
oils from Beaverlodge had low values of ratio C; 0.04 for sample A and 
zero for sample B. 

The ratio of menthofuran to "menthone related constituents", 
which include menthofuran, menthone and isomenthone, is designated as 
ratio D. The value of ratio D in the leaf oil increased from 0.018 at 
the beginning of blooming to 0.107 at the end of blooming, while in the 
stem oil the values ranged from 0.040 at 75% blooming to 0.074 at the 
bud stage. The D:ratio values for Michigan oil and for both oil samples 
from Beaverlodge were 0.081 and 0.02, respectively. 

The ratio of neomenthol to menthyl acetate is designated ratio 
Pa Tn the ae oil this value decreased from 1.69 at the bud stage to 
1.16 at the end of blooming, while in the stem oil it decreased from 1.48 
at the bud stage to 0.84 at the end of blooming. The Michigan oil had 
the lowest E ratio value at 0.75, while the Beaverlodge oils had the 


highest E ratio values, 7.90 in sample A and 2.24 in sample B. 
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The ratio of "menthol related constituents" to neomenthol is 
designated as ratio F. The "menthol related constituents" include men- 
thol, menthyl acetate, neomenthol, isomenthol and neoisomenthol. The F 
ratio value in the leaf oil ranged from 11.07 at the bud stage to 
15.65 at the end of blooming, while in the stem oil it increased from 
12.95 at the bud stage to 26.09 at the end of blooming. The Michigan 
oil F value of 12.99 was relatively low when compared to those of 
Brooks oils. The values of ratio F for Beaverlodge samples A and B were 
10.57 and 20.45, respectively. 

The ratio of "“menthone related constituents" to "menthol related 
constituents" is designated as ratio G. Its value in the leaf oil de- 
creased from 0.97 at the bud stage to 0.52 at the end of blooming, 
while in stem oi] the values ranged from 0.17 at the end of blooming to 
0.69 at 75% blooming. The G value of 0.45 for Michigan oi] was lower 
than that of Brooks oils. The G values for Beaverlodge oils were 0.49 
for sample A and 0.26 for sample B. 

By plotting certain significant ratios, it is possible to dis- 
tinguish peppermint oils by their geographical origin (Smith and Levi, 
1961). The plot of ratio F (menthol related constituents/neomenthol ) 
against ratio G (menthone related constituents/menthol related con- 
stituents) for peppermint oil is illustrated in Fig. 32. The geogra- 
phical regions shown are U.S.-Yakima, Oregon and Michigan, England, 
realy (Smith and Levi, 1961) and Brooks, Alta., with data for Brooks 
and Yakima from both early and late harvests. It is not representative 
to plot the data for Beaverlodge since only two samples were analyzed. 


The plot can be used to differentiate the geographical origin of the 
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peppermint and to reveal the adulteration pattern and the oil due to 
the addition of menthol or oil of Mentha arvensis L. 

The distribution plot of ratio D (menthofuran/menthone related 
constituents) against ratio E (neomenthol/menthy1 acetate) for peppermint 
oil is shown in Fig. 33. This plot can also be used to differentiate 
the oils by geographical origins and to show the pattern of adulteration 
with oil Mentha arvensis L. The geographical regions shown are U.S.- 
Yakima, Oregon and Michigan, Italy based on data obtained by Smith and 
Levi (1961) and Brooks, Alta., with data for Brooks and Yakima for both 
early and late harvests. 

| The distribution plot of ratio C (limonene/1,8-cineol) against 
ratio D (menthofuran/menthone related constituents) is illustrated in 
Fig. 34. The plot is used to distinguish the mint oils either from M. 
piperita L. or from M. arvensis L. This plot confirmed that mint oils 


from Brooks and Beaverlodge are from M. piperita L. 


G. The -Quality-of Essential Oils 


1. Anise Seed Oi] 

The quality of anise oi] depends mainly on the amount of trans- 
anethole (Guenther, 1950; Anonymous, 1970a). Arctander (1969) stated 
that trans-anethole is the compound which imparts a "very sweet, herba- 
ceous warm odour and a sweet taste" to the oil. The amount of this 
compound in essential oils of anise seed has been reported to be high 
and to range between 80 and 90% (Guenther, 1950). The Egyptian anise 
oil was reported by El-Deeb et al. (1962a) to contain 88.61% anethole. 
Tsvetkov (1970) in a study of Bulgarian anise seed oil observed that 


the anethole content of the central, first order, and second order um- 
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Distribution Plot of Ratio D (menthofuran/"menthone related 
constituents") vs Ratio E (neomenthol/menthyl acetate). 


ae - ma 


i , 
i J . 4 
) 
i} 


Ves 


iri ald 


7 eon aciehee 
eer wis gibi ons | 


4 
aye : 


_ lagi ¥ 7 ete ’ ris wml aaateatnil =e 
O best *® SF aes Se ‘aca. 
enh 0%) A 74: 


% >. 1 @ soul m0 ad 


¢ 


“s* OlTAR ae 


oe 


tote "yah saat a 


174. 


OO U.S .midwest 
Oregon 
® Alberta 


Mentha 
piperita 


RAIMO | De 


M.arvensis 


(tact 4 12 16. 20. 24 
RATIO “C” 


Fido. Distribution Plot of Ratio © (limonene/1,8-cineol) vs Ratio D 
(menthofuran/"menthone related constituents") 


iu te. te 

iv } Ga ee i ha : 

| oe Aaa Te: 
ant ee 
" py 

Rg i reus | i 


chs aa 


€otsh a (Toons, vost aa te 018 mtsidhtehd M6 gH 
. sunisanca bates neta” - i 


ir - 
7 a _ ™ a 7 - 


75, 


bels was 87.30%, 89.50% and 88.40%, respectively, and concluded that a 
high quality anise oi] could be obtained when the fruits in central 
umbels were ripe. In this study it was found that the trans-anethole 
content of anise oil from Brooks--1971 crop and 1972 crop, and from 
Michigan was 57.4%, 75.2% and 72.2%, respectively. Hence, anise oils 
from Brooks and Michigan were of lower quality than those reported in 
the literature. Of interest is the fact that the quality of anise 

oils for the 1971 crop was lower and for the 1972 crop higher than that 
of anise oil from Michigan. 

Cis-anethole is considered 15 times more toxic than trans-anethole 
and its consumption can be hazardous (Anonymous, 1970a). The amounts of 
cis-anethole in anise oi] from Brooks--1971 and 1972 crops, and Michigan 
were 1.8%, 1.1% and 2.5%, respectively. In respect to its low cis-anethole 
content anise oil from Brooks, especially the 1972 crop, is superior to 
Michigan oil. 

Methyl chavicol (estragole), an isomer of anethole, has a 
"sweet herbaceous anise-fennel type odor, much more herbaceous than 
anethole but not the sweet flavor of anethole" (Arctander, 1969). 
Tsvetkov (1970) reported that the estragole content of the central, 
first order and second order umbels was 8.64%, 7.51% and 7.71%, respec- 
tively. In this study it was found that anise 01] from Brooks contained 
a higher amount of estragole (4.5% in the 1971 crop, 4.0% in the 1972 
crop) than the Michigan oi] (1.0%). Hence, this component adds to the 
quality of Brooks oil. 

Anisy] acetone has an “intensely sweet, floral and slightly 


fruity, cherry-preserve-like odor of good tenacity" (Arctander, 1969). 
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Te: 
The results obtained in this study showed that Michigan anise oil did 
not contain anisyl acetone while anise oil from Brooks--1972 crop had a 
higher amount of anisyl acetone (0.9) than the 1971 crop (0.3). 

When all these constituents are taken into consideration it is 
obvious that anise oi] from Brooks--1972 crop was of higher quality 
than the oils from Michigan and Brooks--1971 crop. The difference in 
composition was significant, especially in the amount of trans-anethole. 
The difference in quality of the oils from Brooks was due to the fact 
that the oi] obtained from the 1971 crop was distilled from the whole 
plant whereas the oil obtained from the 1972 crop was distilled only 
from the seed. 

The yield of anise seed 011 from Brooks was reported only for 
the 1971 crop as 1.05%. According to Gildermeister and Hoffmann (1931), 
the yield of anise seed oil of various origins ranged from 1.5 to 6.0%. 
Fisher"et al. (1945) reported that the yield of commercial anise seed 
oil from various origins varied from 1.9 to 3.1% with an average of 
2.29%. Therefore, the yield of Brooks anise seed oil has to be consi- 


dered as low. 
2. Caraway Seed Qi] 


The most important constituent and the main carrier of the 
characteristic odor of caraway oil is D-carvone (Anonymous, 1970b; 
Guenther, 1950). Ithas a "warm herbaceous, breadlike, spicy and slightly 
floral odor and a warm, sweet, spicy-herbaceous, breadlike taste" 
(Arctander, 1969). A good quality caraway oil should contain 50 to 60% 
carvone (Guenther, 1950; Anonymous, 1970b). Caraway oil from Egypt con- 


tained 56.9% carvone (El-deeb et al., 1962a); from Holland and Russia 
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51.0 to 59.0%, and from Ohio 59.7% (Fritzche Brothers Inc. Labs., 1950). 


Caraway oi] from Brooks--1971 crop contained only 38.8% carvone, while 
the oil from Michigan contained 45.6%. The results showed that the 
quality of caraway oil from Brooks is lower than that from Michigan and 
other countries. However, a low carvone content in caraway oi] does 
not indicate inherent carvone deficiency in the fruit (Betts, 1965). 
Other factors such as the weather (Guenther, 1950) and the state of 
maturity of the plant (Sandermann, 1938) and seed (Schimmel & Co., 1896) 
also determine the amount of carvone in the oi]. The carvone content 
is highest in fully matured seed (Schimmel & Co., 1896). Sunny dry 
weather during seed maturation causes an increase in carvone content, 
whereas cool damp weather reduces the amount of carvone and other 
oxygenated compounds. The caraway plant from Brooks--1971 crop in gen- 
eral experienced a cool growing season from May to mid-July. The wea- 
ther was hot and sunny from mid-July to the beginning of September. 
The caraway oil from Brooks--1971 crop was distilled from the harvest 
which had only about 50% of mature seeds. Thus, the amount of carvone 
in caraway oil from Brooks can be increased by harvesting the plant 
when all the seeds are mature. 

The other important constituent of caraway oi] is limonene. 
It has a "fresh, light and sweet citrusy odor with a strong resemblance 
to orange peel oil but with poor tenacity. Its taste is sweet, refresh- 
ing, citrus-like, orange-like and mild." (Arctander, 1969). The amount 
of limonene in caraway oil depends indirectly on the content of carvone 
and other oxygenated components. £1-Deeb et al. (1962a) obtained 45.6% 
limonene; Ikeda et al. (1962) 38.0%; and Sandermann (1938) 75.0% from 


flowering caraway plants. In this study it was found that the oil from 
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Brooks had a higher limonene content (48.8%) than that from Michigan 
(43420) 

The yield of caraway seed oi] from Brooks was recorded only for 

1971 crop as 2.65%. This yield was lower than that of Dutch caraway 
seed oi] which varied from 3 to 6% with an average of 4%, however, it 
is higher than the range of 0.4 to 2% reported for North Africa and 
Near East oils (Guenther, 1950). 


Seenvilieoil 


There are two types of dill oil, dill herb and dill seed oil. 
The quality of dill herb oil depends on the amount of a-phellandrene 
and carvone (Guenther, 1950) and possibly on the amount of limonene, the 
major constituent. a-Phellandrene has a "pleasant, freshly citrusy 
and peppery-woody odour with a discretely minty note but poor tenacity." 
(Arctander, 1969). The higher the amount of this constituent the better 
the quality of the oil and the more the odor and smell of the oil re- 
sembles that of the fresh herb. The fresh herb character can be detec- 
ted if the amount of carvone is less than 35%. The oils containing 20% 
or less carvone have the finest and most pronounced herb character 
(Guenther, 1950). In this study it was found that both Michigan oils, 
dill prime and standard, were herb oils because they had a lower carvone 
content and a higher content of a-phellandrene. Dill standard oi] con- 
tained 30.4% carvone, and dill prime oil had 29.5%. The limonene and 
a-phellandrene contents were 37.6% and 18.0%, respectively, for dill 
Standard oil, and 26.0, and 22.52 for dij] prime oil.) fhus diji prime 


oil is considered to be a better quality oi] than dill standard oil. 
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Teas 


The dill oils from Brooks were distilled from dill seed. The 
dill seed oi? contained a high amount of carvone and, hence, has an 
odor and flavor similar to that of caraway oi]. The results showed 
that the major difference between caraway and dill oils was the amount 
of a-phellandrene, which was 4.3% and 5.0% in common dill oils and 
Oey eine Dalisn dil toils but only 0:1 to 0.32 inscaraway o1]s. 

The quality of dill seed oil depends mainly on the amount of 
carvone; the higher the carvone content, the better the quality. The 
quality also depends on two other major constituents, limonene and 
a-phellandrene. The amount of carvone was 48.5% in common dill sample 
A, 44.9% in common dill sample B and 43.2% in Danish dill. The carvone 
ene of dill seed oils from India was 41.8 to 62.2%, Bulgaria 39.0%, 
Ireland 37.8% (Virmani and Datta, 1970a), America 50.0 to 60.0%, 
Hungary 40.0 to 68.0%, Russia 53.6% and England 48.0 to 57.0 (Guenther, 
1950). Thus, the quality of dill seed oil from Brooks--1971 crop was 
comparable to that of oil from other parts of the world. The carvone 
content of dill herb oil depends on the state of ripeness of the herb 
material (Guenther, 1950; Luyendijk, 1957); the more mature the plant, 
the higher the amount of carvone. The dill seed oi] from Brooks was 
distilled from the harvest with 50% matured seeds. The amount of car- 
vone in the dill seed oil from Brooks can be increased by distilling the 
seeds when they are fully mature. 

The amount of a-phellandrene in Danish dill oi] was twice as 
much as that of the common dill oils. Since a-phellandrene can bring 
out the fresh herb character, Danish dill oil] was better in this respect. 
The limonene content of the oil was highest in common dill sample B, 


followed by common dill sample A and Danish dill. 
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The oi] yields of Danish dill seed and common dill seed from 
Brooks--1971 crop were 1.18% and 1.82%, respectively. These yields 
from Brooks were lower than those from other countries which ranged 


FhOnieele4in Lndia sto 5762% ink Russi a- 
4. Fennel Seed 0i1 


The quality of fennel seed oil varies with different varieties; 
sweet fennel seed oil is of highest quality because it contains no or a 
low amount of fenchone and the highest amount of anethole; bitter fennel 
seed oi] is of lower quality oi] since it contains a high amount of 
fenchone and a slightly lower amount of anethole; wild bitter fennel is 
of lowest quality peer contains a very low amount of anethole 
(Guenther, 1950). The results of this study revealed that the fennel 
plant from Brooks is actually bitter fennel. The quality of bitter 
fennel seed oi] depends on the amounts of trans-anethole and fenchone. 
Trans-anethole has a'very sweet, herbaceous warm odor and a sweet taste" 
(Arctander, 1969). The higher the amount of trans-anethole, the better 
the quality of the oil. A good quality of bitter fennel seed oil con- 
EainseoU..U co 60.0% of trans-anethole (Guenther, 1950). The anethole 
content of bitter fennel seed oil (by congealing point) from Austin, 
Minnesota is 65.0% and from the U.S.S.R. 61.0 to 62.5%. In this study 
it was found that the trans-anethole content of the bitter fennel oil 
from Brooks--1971 crop was 39.2%; Brooks--1972 crop, 68.9%; and the 
commercial oil from Fritzsche, 57.2%. The amount of trans-anethole from 
Brooks--1972 crop was higher than that of oils from Austin, the U.S.S.R. 
and Fritzsche. Thus, the quality of bitter fennel seed oil from the 


Brooks--1971 crop was poorer and from the 1972 crop was better than that 
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Another factor which determines the quality of bitter fennel 
seed oi] is the amount of fenchone. D-fenchone has an"intensely bitter, 
camphor-like odor and flavor and is responsible for somewhat coarse 
bitter, taste" (Guenther, 1950). Arctander (1969) described the odor 
of fenchone as “warm-camphoraceous, powerful, diffusive, and basically 
sweet and its taste as warm, somewhat burning and bitter". The lower 
the amount of fenchone, the better the quality of bitter fennel oil. 

The amount of fenchone, which varies in oils obtained from different 
hybrids of bitter fennel seed, ranged from 16.3 to 31.6 parts relative 
to 100 parts of trans-anethole (Karlsen et al., 1969). The results of 
this study showed that bitter fennel seed oil from the Brooks--1971 crop 
had the highest amount of fenchone (16.1%), followed by the 1972 crop 
(10.8%), and Fritzsche (4.3%). Karlsen et al. (1969) observed that the 
green fruits of fennel contain relatively more fenchone than brownish 
ones. There was no information given on the state of maturity of either 
of the crops of fennel seed harvested at Brooks. 

The difference in quality between the fennel oils from Brooks-- 
1971 and 1972 crops was due to the fact that the volatile oil from the 
1971 crop was distilled from the whole plant whereas volatile oil from 
the 1972 crop was distilled only from the seeds. Thus, a good quality 
of fennel oil from Brooks is obtainable by distilling the mature seeds. 

The yield of fennel seed oil from the Brooks--1971 crop was 
1.44%. According to Guenther (1950), the oil yield of the best grade 
of fennel seed of eastern Europe was between 2.5 and 5.0%. The oi] 


yield of sweet and bitter fennel seeds varied between 1.50 and 3.82% 
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and 2.92 and 5.76%, respectively (Karlsen et al., 1969). Nigerian sweet 
fennel seed was reported to yield 2.0 to 2.4% oil (Osisiogu, 1967). 
Thus, the yield of fennel seed oil from Brooks was lower than that of 


the other regions. 
5. Peppermint Oil 


The characteristic peppermint oi] flavor is apparently due to 
the combined effect of several constituents in the oil (Pintauro, 1971). 
There are four stereoisomers of menthol in peppermint oil: menthol, neo- 
menthol, isomenthol and neoisomenthol. Of the four stereoisomers, only 
menthol (the main constituent of the peppermint oil) is present in a 
high amount. Neomenthol is one of the intermediate constituents of 
peppermint 011. Neoisomenthol and isomenthol are only present in small 
amounts. Arctander (1969) described the odor of L-menthol as "“refresh- 
ing, light, diffusive, sveetly pungent with resemblance to the main odor of 
peppermint , cooling mouthfeel, and taste that is refreshing, sweet and 
reminiscent of part of peppermint picture". It has a cooling effect upon 
mucous membranes. D-neomenthol has a refreshing menthol type odor but 
is not as sweet as menthol. It has a taste similar to that of menthol 
at a very low concentration, but at a higher concentration the cooling 
effect is less than that of L-menthol. It carries with it a musty or 
flat odor that tends to detract from the peppermint aroma rather than 
lifting it. Of the four stereoisomers, L-menthol is responsible for the 
agreeable odor of peppermint, while neomenthol, isomenthol and neoiso- 
menthol exhibit increasingly musty odors (Hornstein and Teranishi, 1967). 
Our study has shown that the menthol content of the leaf and stem oils 


increased with plant maturity. This agreed with previous literature 
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data. Menthol content of the leaf peppermint oil from Brooks increased 
From 32.3%'at the bud stage to 44.2% at the end of blooming. The men- 
thol content of oil from Michigan was 42.8% from Beaverlodge 

sample A 53.8% and sample B 58.9%. The peppermint of1 distilled 

from the stem had a relatively high menthol content; 39.9% at 75% bloom- 
ing and 63.9% at the end of blooming. The quality of peppermint oi] 
depends mainly on the amount of menthol; the higher the menthol content 
the better the quality (Virmani and Datta, 1970b; Guenther, 1952). 
Hence, the quality of the oil from Brooks increased with the maturity 
of the plant. The menthol content in peppermint oils from Beaverlodge 
was higher than that from Brooks and Michigan. The menthol content of 
peppermint oil from Brooks was higher than that of Michigan oi] when 
the oil was distilled from the later harvests. 

The amount of neomenthol in peppermint leaf oil from Brooks 
ranged from 3.0% at the beginning of blooming to 3.5% at the bud stage 
and was lower than that from Michigan (4.2%). For Beavertodge pepper- 
mint oils, sample A had a higher neomenthol content (5.8%) than sample 
B (3.1%). The neomenthol content of the stem oi] from Brooks decreased 
from 3.9% at the bud stage to 2.8% at the end of blooming. An excessive 
amount of neomenthol lowers the quality of the oil. The effect of neo- 
menthol on the aroma and flavor could be detected significantly at a 
level of 7.5% (Cash et al., 1971). 

Menthy] acetate is another important constituent which affects 
the quality of the oil. L-menthyl acetate has a "mild, sweet, slightly 
fruity-herbaceous, minty odor and a quite refreshing and delicately 


floral, cool mouthfeel, sweet taste with only a trace of mintness. Its 
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overall flavor is much milder than L-menthol but more delicate and 
floral" (Arctander, 1969). The higher the amount of menthy! acetate, 
the better the quality of the oil (Virmani and Datta, 1970b). The re- 
sults of our study showed that the amount of menthyl acetate in leaf 
peppermint oils from Brooks increased with the maturity of the plant: 
2.1% at the bud stage to 2.8% at the end of blooming. The oil from the 
stem contained a higher amount of menthyl acetate, ranging from 2.6% 

at the bud stage to 3.3% at the end of blooming. The Beaverlodge pepper- 
mint oils contained a very low amount of menthyl acetate: 0.7% in sample 
A and 1.4% in sample B. The oil from Michigan contained the highest 
amount of menthyl acetate (5.6%). 

Menthone is also a characteristic and valuable component of 
peppermint oil (Pintauro, 1971). Menthone has a “minty, refreshing and 
diffusive odor of moderate tenacity and slightly woody-dry undertone 
and a refreshingly cool, but also unpleasantly bitter taste in dilutions 
of 10 to 50 ppm. Isomenthone has a powerful, refreshing, clean-minty 
odor of moderate tenacity and Somewhat cooling mouthfeel and refreshing, 
minty but distinctly bitter taste" (Arctander, 1969). Due to its bitter 
taste an excessive amount of menthone is undesirable (Guenther, 1952). 
An excessive amount of isomenthone, which has a bitter taste, is also 
undesirable. This study has shown that the amounts of menthone and iso- 
menthone in the leaf oils from Brooks decreased with plant maturation. 
This agreed with previous findings. The lowest amount of menthone was 
found in Beaverlodge peppermint oi] sample B (11.9%). The amount of men- 
thone in Michigan oi] (19.3%) was lower than that in Brooks oils. The 
menthone content of the leaf peppermint oils from Brooks decreased from 


32.6% at the bud stage to 21.2% at the end of blooming. In the stem 
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peppermint oils menthone content ranged from 27.2% at 75% blooming to 
9.7% at the end of bloom. The highest amount of isomenthone was found 
in Beaverlodge sample B (4.4%). Michigan oil and Beaverlodge oil 
sample B contained the same amount of isomenthone. In Brooks pepper- 
mint leaf oils, the isomenthone content decreased from 3.5% at the bud 
Stage to 2.8% at the end of blooming. In stem oils, the amount of 
isomenthone ranged from 3.7% at 75% blooming to 1.7% at the end of 
blooming. 

The quality of the peppermint oil from Brooks improved as the 
plants matured due to the increassin the amounts of menthol and menthy] 
acetate and the decrease in the amounts of menthone and isomenthone. 
However, there were two negative factors, namely the low oil yield and 
the menthofuran content,which offset this trend. The percentage yield 
of oil increases until the plant reaches the full blooming stage and 
then decreases rapidly as the foliage begins to fall (Guenther, 1952). 

Watson and John (1955) were the first to report the association 
of a poor peppermint oil quality with a high menthofuran content. Men- 
thofuran has a “sweet, hay-like-minty odor, sometimes referred to as a 
‘lactone' odor of moderate to poor tenacity and a slightly bitter, almost 
tarry and unpleasant taste. Its initial impression is that of a very 
pungent and sharp odor" (Arctander, 1969). The menthofuran present in 
freshly distilled oil is not too objectionable insofar as its effect on 
the quality of the oil, but it can absorb oxygen from the air to form 
compounds, which may possibly include peroxides, that decompose or react 
with other constituents of the oil resulting in discoloration and in a 
bitter taste or “after flavor" (Pintauro, 1971). Wood and Eastman (1950) 


have shown that menthofuran readily undergoes autoxidation to form a 
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lactone. The effect of menthofuran on the flavor of peppermint oi] can 
be detected significantly at levels of 9.5% or higher (Cash et al., 
1971). The amount of this compound was first associated with the num- 
ber of blossoms at harvest time (Watson and John, 1955). Later, Lemli 
(1957) established that menthofuran is a substance secreted in the 
young parts of the plant, where metabolism is most active. Thus, men- 
thofuran content is highest in the young plants and decreases as the 
plant grows, but increases again from the time of flower bud formation 
and finally, decreases after blooming. In this study it has been shown 
that the menthofuran content in the peppermint leaf oils from Brooks de- 
creased from 1.5% at the bud stage to 0.9% at 75% blooming and then 

increased to 2.9% at the end of blooming. Michigan peppermint oil con- 
tained 2.0% of menthofuran, while that from Beaverlodge contained a 
very low amount: 0.5% in sample A and 0.3% in sample B. The amount of 
menthofuran in peppermint stem oil from Brooks decreased from 2.0% at 
the bud stage to 0.6% at the end of blooming. 

The peppermint stem oil is of better quality than the leaf oi] 
because it contains comparatively higher amounts of menthol and menthy] 
acetate and lower amounts of menthone, isomenthone, menthofuran and 
neomenthol. However, the stem usually yields low amounts of oi] 
(Guenther, 1952), hence, its contribution to the quality of the pepper- 
mint oi] can not be significant. 

Michigan peppermint oi] is considered as one of the finest qual- 
ity peppermint oils available on the market. The results of this study 
showed that the quality of Brooks peppermint oil at the late harvest was 
comparable to that of Michigan oil. The most significant difference 


between oils from Michigan and Brooks at the late harvest stage was the 
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amount of menthyl acetate and neomenthol. The low amount of neomenthol 
in Brooks peppermint oil is a desirable characteristic of a good quality 
oil while the low menthyl acetate content in Brooks oil is an undesirable 
characteristic. 

The quality of peppermint oil from Beaverlodge sample B was 
better than that of sample A because sample B oil contained lower amounts 
of menthone and neomenthol and higher amounts of menthol and menthyl 
acetate. The quality of Beaverlodge sample B oil was quite comparable 
to that of Michigan 011. However, Beaverlodge oils contained a very 
low amount of menthyl acetate, in fact, lower than that of Brooks oil. 

According to the biochemical relationships of menthone related 
constituents given by Waller (1970) free menthol is esterified to men- 
thyl acetate. The low amount of menthyl acetate in Alberta oils could 
be due to the cooler climate of Alberta, the shorter period of sunshine 
and the shorter frost free period in the growing season of only four to 
five months in Brooks. Beaverlodge, which is in Northern Alberta, has 
a comparatively cooler climate, a lesser amount of sunshine and a shor- 
ter frost free period in the growing season than Brooks. Hence, the 
amount of menthyl acetate in the peppermint oi] is lower than that from 
Brooks. 

The menthofuran content of peppermint oil from Alberta pepper- 
mint oils was low when compared with other oils. Loomis (1967) has 
shown that high night temperatures and more profuse blooming cause a 
high menthofuran content. Since the night temperatures in Alberta are 
normally low, the amount of menthofuran in Alberta peppermint oil is 


also low. Similarly, due to the lower night temperatures at Beaverlodge, 
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the amount of menthofuran is even lower than that of Brooks. 

The yield of peppermint herb oil from Brooks increased from 
0.20% at the bud stage to 0.22% at the beginning of blooming and then 
decreased to 0.18% at the end of blooming. The oil yield from Brooks 
peppermint herb was lower than that of American and European pepper- 
mint herbs. According to Mikhalov (1929), the oi1 content in the 
leaves is a direct function of the mean temperature of the growing 
season. The mean temperatures of the growing season at Brooks were 
59.6° for 1971 and 60.2° for 1972. The mean temperature of the growing 
season at Beaverlodge was expected to be lower. Thus, due to the low 
mean temperature of the growing season, the yield of peppermint herb oil 


in Alberta is expected to be lower than yields in the U.S. and Europe. 
6. Sage Oi] 


Guenther (1952) described the odor and flavor of genuine 
Dalmation sage oil as being strongly aromatic and somewhat spicy. 
Thujone is the most important constituent of sage oil and is largely 
responsible for its characteristic odor and flavor, thus a high percen- 
tage of thujone indicates a good quality. As stated by Arctander (1969), 
thujone has a “powerful, penetrating, warm-herbaceous, and minty-camphor- 
aeous odor of moderate to poor tenacity and a warm-herbaceous bitter 
taste in concentrations lower than 10 ppm and a pungent-bitter herbaceous 
taste at higher concentrations". In the literature the amount of thujone 
is usually reported as part of the ketone content which also includes 
other ketones such as camphor and fenchone. The amount of thujone in 


Dalmation sage was reported to be 51.0% (Brickorn and Wenger, 1960). 
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In this study the amounts of both a- and g-thujone were reported. Of 

the three oils analyzed, sage oil from Brooks--1971 crop contained the 
highest amount of thujone (a-thujone, 21.53%; g-thujone, 7.53%). The 
thujone content of sage oil from Brooks--1972 crop and Michigan was 
about the same: a-thujone 20.5% and g-thujone 3.2% (Brooks--1972 crop) 
and a-thujone 19.9% and g-thujone 3.7% (Michigan oil). Thus, the sage 
oil from Brooks--1971 crop was of better quality than that from Brooks-- 
1972 crop and Michigan. However, the quality of these three sage oils 
was lower than that of the original Dalmation sage. 

The other major constituent of sage oil is humulene (a- 
caryophyllene) which amounted to 13.1% in Brooks--1971 crop oil, 16.4% 
in the 1972 crop and 5.48% in Michigan oil. The amounts of g-caryophyllene 
were 7.7% in sage oil froin vncokess1O7n crop, 9.3% in the 1972 crop and 
4.6% in sage oil from Michigan. Both a- and g-caryophyllene have a 
"woody-spicy, dry and tenacious odor and a dry woody, somewhat bitter 
taste" (Arctander, 1969). The presence of humulene and g-caryophyllene 
in such a high percentage, especially in sage oils from Brooks, defi- 
nitely enhances the odor and flavor of the sage oil. 

Camphor is also a major constituent in sage oil, especially in 
Michigan oi] (25.6%). The amounts of camphor in sage oils from Brooks 
were relatively low: 8.3% in the 1971 crop and 10.3% in the 1972 crop. 
Camphor has a "warm-minty almost ethereal-diffusive odor of low tenacity 
and a slightly bitter, warm taste" (Arctander, 1969). Camphor, in such 
a high percentage,especially in Michigan sage oil, definitely influences 
the quality of the oil. 

1,8-cineol has a “fresh, diffusive, camphoraceous-cool odor of 


poor tenacity and a sweet, fresh cool camphoraceous taste" (Arctander, 
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1969). The amount of 1,8-cineol was 5.7% in sage oil from Brooks--1971 
crop; 3.4% in the 1972 crop; and 10.0% in Michigan sage oil. 1,8-cineol, 
especially the high content in Michigan oi], adds to the camphoraceous 
odor and taste of sage oil. Thus, Michigan sage oil had a more camphora- 
ceous odor and taste than sage oils from Brooks. 

As shown earlier, there is a difference in the composition and 
the quality of sage oils from Brooks between the 1971 crop and the 1972 
crop. The sage oil] from 1971 was of better quality than that from the 
crop year 1972. The oil for the 1971 crop was obtained from distilling 
the whole, dried plant harvested at 70% blooming. There is no data 
available from Brooks about the stage of plant maturity at the harvest 
time for the crop year 1972. Weather data showed that the number of 
hours of sunshine and the number of frost free days were greater for 
the 1971 growing season than for the 1972 growing season with the reverse 
being true with respect to the amount of rainfall. If the stage of the 
plant at the harvest time for the 1971 and 1972 crops was the same, the 
better quality oil from the 1971 crop could be due to the longer period 
of sunshine and the greater number of frost free days. 

The yield of sage oi] from Brooks for the 1971 crop was reported 
as 0.25%. There was no data on the oil yield for the 1972 crop. This 
yield of oil was very much lower than that reported by Guenther (1952) 
for Dalmation sage (0.7 to 2.0%) and for American sage (0.6 to 1.0%). 

The yield of oi] could be increased by harvesting at an earlier stage of 


maturity. 
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Present in Essential Oils Studied 
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Sample, Men- Iso-  Neo- Men- 
Provenance & Other Information -Pi-  Cam- -Pi- Limo- Cine-  tho- Men- men- men- Men- thyl Pule- Piper- 
Gtven by Supplier mene phene nene nene ole furan thone thone thol thol acetate gone tone Others 
U.S. Midwest 
Natural 0.8 1.0 3.0 8.3 1.9 29.9 4.8 3.4 39.3 4.2 0.5 
© o 5 A : 3 : : s P - 5 1.3 1.8 
ore oe 63) oS a os ay Hy) BS) EEG aie AG 0.8 0.9 1.7 
Midvest-Oregon blend light ly 31.6 5.9 367.0 Sel 0.8 0.5 0.8 
rectified 0.5 3 0.8 2.7 Vs ; 
Riduest- Ghegun bleed heavily 3 2.6 27.5 4.8 3.9 41.7 4.8 i.5 Ne4 0.7 
rectified 0.1 A 0.1 0.7 HES Lee) 24.4 4.2 5.0 51.4 6.6 re | 2.1 0.4 
U.S. Oregon 
Natural 0.8 556 0.9 4.3 8.3 shyrd 19.5 4.5 4.1 43.1 6.1 (3 he? er 4 
Natural : 0.7 Sn9 1.0 3.6 8.0 aba] 23.8 4.0 3.6 41.8 4.4 ant 2.3 Yes 
Natural Jefferson district 0.6 (0.2) 1.6 2 iL) 2.6 21.3 3.2 4.2 46.2 bk 0.9 3.1 ed 
U.S. ,Yakima ce 
Sunnyside natural 0.5 0.2 1.0 4.3 8.1 8.8 
Kenneyick,ratural plats ree (0.2) 16.7 3.5 3.6 43.2 6.9 1.9 0.7 0.8 
n Sunnyside area 0.8 (0.1) 1.1 sf 7.8 8.1 7.1 3.4 aon Sere 7.4 2.2 
Yakima natural ,early harvest O68 (0) oe 85 j85 Ge He 30 po to aS 26 (OL 12 
eae ate harvest 0.7 are 1.6 Shei 6.4 9.4 8.9 Dee, 3.9 48.7 11.6 0.9 Us 0.9 
ectified,U.S.P. Gf (05S) ee Oa FRG BG? Uns f : i Z 
Terpeneless produced from P-] acer 2 B.6 Jo ae Ue 
by vacuum fractionation 0.1 é 0.2 es 2.5 6.5 14.1 3.6 4.2 51.9 10.8 2.5 1,2 dee 
Italian 
Italo-Mitcham,rectified 0.7 (0.2) 0.9 4.2 8.0 6.3 21.0 3.6 325 (4022 523 aad Ge 1 
Italo-Mitcham,rectified Oy (OS) iO BG ay 9 CCS KO 46 © 2.9 x5 
reece Beets ica nie ante ee 4.2 7.9 6.8 17.6 3.9 3.9 40.4 5.6 3.9 ee} 2.0 
alo-Mitcham,distille 5 as : 6.8 8.9 6.4 18.1 323 3.2 38.7 4. 2 ( 2 
Italo-Mitcham,distilled,U.S.P., : a a a 
b.p. 0.9 (0.3) 1.0 6.2 9.9 5.5 19.6 5.6 Saly She! 5.6 ad fe) Dee 
Terpeneless 0.0 (0.0) 0.2 ees leo 4.3 21.0 4 3.7 49.4 nis 4. AGS 1.7 
Italo-Mitcham,distilled,U.S.P. 0.7 (0.2) 1.8 ehet) 7-5 6.1 19.8 4.0 3.5 40.0 Eye) 51a} 2.7 1.1 
English 
Genuine ,distilled 0.7 1.0 6.8 8.8 1ST, 20.3 ate) 4.1 43.9 4.6 les We 2.0 
0.7 crate 1.0 4.0 9.4 1.6 21.0 shea] 4.1 46.7 3.8 0.8 1.6 2.0 
Distilled,U.S.P.,b.p. 0.6 (0.3) 0.7 4.3 8.7 1.8 16.9 aol 4.5 47.6 6.9 ilasl 1.4 lee 
Mitcham,distilled 0.5 SD 0.7 3.9. 6.1 5.8 15-9) 3.8 4.9 44.4 9.6 1.9 1.9 0.6 
0.5 (0.6) ins} ae Han 5.8 15.6 5.8 Beaiogny: 8.5 2.2 2.0 1.0 
Mitcham,distilled,1959; dry & 
sunny season 0.8 (0.2) 1.0 4.0 12.4 4.5 18.2 4.5 3.6 38.6 4.6 ee | 4.1 0.8 
Bulgarian 
Bulgaro-Mitcham,natural 0.7 : 1.6 3.5 hoe} 6.2 16.9 SI5u wept CRE) if raBef 1.9 1.1 
Bulgaro-Mitcham,rectified 0.2 1.0 27 552 8.0 7.1 3.5 4.3 44.3 6.6 2.8 2.8 1.5 
South African 
Natural ,Mitcham-type"K", : 
produced 1957 0.6 ptets 0.7 5.8 7.4 8.8 19.1 Son 3.4 36.1 6.9 2.1 rane) 1.8 
Natural ,Mitcham-type"R", 
produced 1952 0.4 S60 0.5 6.3 7.4 Cyr ZS) 4.9 £2 esaee 10.5 rat 2.0 1.4 
Argentine 0.6 (0.1) 1.5 3.8 6.7 8.4 12.8 2a. 3.2 46.9 725 aan ace Ward 
Canadian 
Redistilled,U.S.P.,produced from 
plants grown in province of Ont. 0.8 (0.1) 1.9 3.0 8.9 1.2 26.5 4.1 4.2 40.6 5.0 0.6 1.7 1.6 
Netherlands 
Experimental sample 1959 crop 0.5 (0.1) Te3) 10 4.4 0.3 17.8 4.2 3.6 54.5 6.5 0.9 3.6 1.4 
Polish 0.6 (0.1) V7 3.9 he] Soil 24.8 4.2 3.8 40.1 4.5 0.9 est 2.5 
Spanish 0.6 (0.1) Uae | N41] 6.7 2.9 30.6 5.3 ath eb 8 2.8 Zo 1.5 


‘encima ell CT a 


were eminicee 


et) i> aor rr nan ! 
aan aan 41 
18) 7% -aty4 igft of +f es oa» wad 
eiaeph ait oe osteiiee fesg (80) oeet)) [jee apt 
a i tt A An EN 02 OS oo ee eRe 
e! | oe Sa 6.06 be ae oe 6b 
cr 70 98 i’ an Ot aN * ie 1.) 
a) ¢.o a me gc 4 eo it ‘ta 
’ 4,7 6 v4 8 us nh 4s 
+4 ii tat +s s.f4 64 14 ne 
4,1 7) tl ta ee 42 ae > te 
at ts is as ath Of os ets ike 
tA it £0 if 9 4.8 i La 
4.0 ef ¥,9 in ae at tit A - 
‘1 6./ ,4 t tei i ‘1 iat tse a 4 64 
ed j ¢i f ’ es we ae “#5 
0 4 P) te 4 ae a8 4 i bs ‘a 
be ’ t ' oh we iv An te ab et aw fo me ; ied > t4% 
a: A ar! Geen 
: ‘ ti io tf i at tw | he we ka te as a ; —— 7 7 
J 4 taf ‘ ‘3 é eit: t2 (= ie 2 8) bp 7 
“h ' . ¢ a2 we bat ‘% Fal 3° 6.° (d4) & aft : 
; bs »4 uM ét ‘ a ‘ a} a . 
ws + OA mm ba & “| ve ye Se rr | ; ened 
ot Kee oa I 
Th) iA 1.4 ‘4 ia aba #2 ze! ov te te hi te. ' . s : wy > 


i 7 
a. ane 


Zonk 


APPENDIX E: Mass Spectra Data 
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